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@ So uniform is the character and depth of ; 
burized case produced by SC EUTECTROL « op. 
tinuous Gas Carburizing equipment, so efficic; and 
cost-reducing its operation, that one of the 


Lar- 


motor car manufacturers has installed the fi a 
in his production line. 

Older pack methods of carburizing are mac. ob. 
solete by the SC EUTECTROL process. They are too 
expensive by comparison of costs per pound of ma- 
terial carburized. SC EUTECTROL furnaces ¢|jmj. 
nate dirty compound and expensive boxes — and 


subsequent cleaning, because the EUTECTROL car. 
burizing process is entirely gaseous, and carburized 
parts are discharged clean. Accurate control of depth 
of case and rapid penetration is certain. Labor is saved 
and floor space reduced as much as 50°. Fuel costs 
for heating tare weight of compound and boxes are 
entirely eliminated. For continuous or batch opera- 
tion, the SC EUTECTROL process is revolutionary 
in efficiency. Its use is essential to compet in 
your carburizing costs with others using it. Ask 
SC Engineers for specific information. SURFAC} 
COMBUSTION CORPORATION, Toledo, Ohio. 


Combustion 
Toledo, Ohio » Sales and Engineering Service in Principal Cities 


Builders of HARDENING, DRAWING, NORMALIZING, ANNEALING FURNACES 
FOR CONTINUOUS OR BATCH OPERATION » » » ATMOSPHERE FURNACES 
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MODERN PROCEDURE IN ALLOY STEEL PRODUCTION 


A Series of Advertisements based on Timken Methoc 


Nothing is taken for granted in the Timken Metal- 


lurgical Laboratory, and adequate provision for 


conducting physical tests is a very necessary part 


of Timken quality control routine. 


The Timken laboratory personnel has had long 
experience in this work, and with the assistance 
of an extensive layout of modern testing equip- 
ment they are able to obtain definite and conclu- 


sive results on many different kinds of tests. 


These include comprehensive tensile tests, impact 
tests and hardness tests carried out in accordance 
with the grade of steel being tested and the service 


conditions under which it is required to function. 


They are made with absolute impartiality and 
rigid adherence to required performance stand- 
ards. To do otherwise would be to deceive no 


one but ourselves. 


An important feature of the physical testing de- 
partment is complete carburizing and heat treat- 
ing equipment where factory practice can be 


duplicated and comparable results obtained. 


THE TIMKEN STEEL & TUBE 
COMPANY, CANTON, OHIO 


District Offices or Representation in the following cities: 


= Detroit Chicago New York Los Angeles Boston 
. Philadelphia Houston Buffalo Rochester Syracuse Tulsa 
ie Cleveland Erie Dallas Kansas City St. Louis 


Cincinnati Huntington Pittsburgh Minneapolis Birmingham 
World's Largest Producer of Electric Furnace Steel 


ELECTRIC FURNACE AND OPEN HEARTH © ALL STANDARD SPECIAL ANALYSES 
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The Model 


WITH THE B&L WIDE FIELD BINOCULAR 
MICROSCOPE 


One of these three B & L Wide Field Microscope Stands will an 
swer your particular requirements Each stand carries a microscope 
which enables u te Sct i! biect mas hed Iron 7 150 diameters, 
right side up and unreversed with t uiditional advantage ot actual 
perception t length, breadt 


Che AKW model with its removable glass stage plate can be easily 
» itn of and placed directly upon objects too large to be 


examined « ve ! ed con, 
Che BKW 1s ident il with the AK W except that it has the addi 


with trans 


tional 


2 Just es your two mitted light for transparent specimet S 
3 The SKW model is designed for everyday use on bench or table 
eyes enable you herever a number of small objects are to be examined. Its heavy 
Ma toperceive length, standard, vertical pos rizontal bar prov ce a wide range ot 
& depth and width, ud = ent and working space It is a popular model tor routine in- 
spect! 
he so do the paired > Be re your fi il choice write or details to Bausch & 
12% objectives of the >i Lomb Optical Co., 638 St. Paul Street, Rochester, N. ¥ 


KW Microscope 
producea threedi- 
mensional effect. 


eft The BKu 
model showing the B 


type stand 


& Lome Of au 


Bausch & Lomb 


FOR YOUR GLASSES, INSIST ON Bal 


WE MAKE OUR OWN GLASS TO 
ORTHOGON LENSES AND B & L FRAMES 


INSURE STANDARDIZED PRODUCTION 
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A HINT TO DESIGNERS WHO 
WANT TO CUT WEIGHTS 


With the development of new high tensile steels 
#® has come a sudden and sensible trend in the 

design of transportation equipment toward 
lighter weights. Every pound that can be eliminated in 
dead weight of railroad car, locomotive, truck or bus 
means an extra pound of pay load. It also means reduced 
fuel bills for empty or partially loaded return trips— 
less wear on equipment and tires. @ Designers have 
been quite successful in reducing weight without 
sacrifice of strength—but they seek means for further 
improving their designs. To these men, we suggest 
that they investigate formed sections of Republic 
Double Strength Steel, a few of which are illustrated 
above. @ Consider these features: a yield point more 


than twice that of ordinary carbon steel; high weld- 


ability; ductility and ease of fabrication; the corrosion- 


resistance of a nickel-copper-molybdenum alloy steel— 
and the further reduction in weight or increase in 
strength made possible by formed sections. e Our 
engineering department will gladly assist you in 
applying formed sections of Republic Double Strength 
Steel to your designs—or in obtaining full value of their 


properties in new designs. Write for full information. 


Republic Steel 


CORPORATION 


GENERAL OFFICES:--CLEVELAND, OHIO 
ALLOY STEEL DIVISION---MASSILLON, OHIO 


When writing Republic Steel Corp. for further information, please address Dept. M.P. 
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ON CERTAIN ASPECTS OF MACHINABILITY 


T IS rather common knowledge that certain 

long-time trends are showing their effect on the 
mutual relationships between management, ma- 
chine shop and metallurgical department. Notable 
increases in size, power and rigidity of machinery, 
improvement in the cutting tools, more uniform 
metal —all are pushing the machinist to higher and 
higher levels of “machinable hardness.” Large 
automobile shops have now been in mass produc- 
tion for about 10 years on alloy steel parts testing 
from Brinell 350 to 450—- metal considered prac- 
tically unmachinable a generation ago, vet obvi- 
ously desirable for its high physical properties in 
such parts as steering arms and knuckles. 

However, in most plants the machine shop 
foreman still has the ascendency, and consequently 
the management requires the metallurgical depart- 
ment to furnish metal that will cut with the 
greatest possible ease. Doubtless this is a sound 
attitude to take when a cost sheet shows three- 
quarters of the expense to be the conversion of 
solid metal into chips, or where the loads and 
stresses in the finished part are nominal and ap- 
pearance and size are the prime considerations. 
Metal producers have gone to great pains to im- 
prove the machinability of such metal, ranging all 
the way from fine-grained gear steels to screw 
machine stock, much of it sold on a guaranteed 
machinability. 

brass, the original ideal for easy machining, 
blanking and forming, was used in the first screw 
machines by New England sewing machine and 
clock builders before the Civil War, and this metal 
in both sheet and rod form was improved by adding 
some lead so long ago that most have forgotten 
When it happened. Bessemer steel was naturally 
the raw material for the first steel screws (1871), 
and it wasn’t long before it was noticed that the 
bars analyzing somewhat higher in sulphur cut 
much more easily. 

but when it comes to further improvements in 
material already good, special difficulties beset the 
metal producer, not only because the property of 
Machinability is a complex one, but because condi- 
th in the users’ shops differ so widely as to 


equipment, personnel, and = objectives. H. W. 
Graham has recently described researches con- 
ducted continuously for at least 15 years, into all 
phases of the bessemer process as applied to the 
manufacture of serew stock. Such a_ research 
should have a quick test for machinability; unfor- 
tunately such a test is unknown to Mr. Graham, and 
in his opinion the way to measure the cutting 
quality of metal is to secure a modern machine 
tool, put the bars in it, and proceed to cut them! 
Even then the error in results may be as much as 

10°. In spite of this handicap to research, we 
have today on the market, as the result of much 
patient work by several steel makers, improved 
bessemer screw stocks which an unprejudiced user 
would grade at least 20°) better in) machinability, 
either as hot rolled or cold drawn bars, than the 
older standards. 

A somewhat different aspect of machinability 
was attacked by L. W. Kempf and his associates in 
the Aluminum Co. of America, in the development 
of an easy cutting light alloy. In their laboratory 
experimentation (outlined in Metal Progress, July 
1935) they judged the relative excellence of pro- 
posed alloy modifications by the size and bulk of 
the curly chips and the smoothness of the finished 
surface, rather than power consumption or tool 
wear, When using a tool set-up that would be satis- 
factory for brass but not for the wrought aluminum 
alloys then available. Finally, a strong alloy con- 
taining lead, bismuth and copper was fixed upon 
each addition contributing in different degree to 
free cutting properties, the resulting alloy having a 
good combination of workability, strength or cor- 
rosion resistance. 

In the article immediately following it is inter- 
esting to note that these metallurgists have proven 
their case for the new alloy 11S exactly as was 
done for improved bessemer screw stock — by 
putting the bars in a machine tool and making 
commercial parts from them. The amount of detail 
and painstaking work is exceedingly great, and any 
student of machinability will admire the persistence 
and thoroughness of this successful investigation of 
a most intricate problem. 
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The authors are respectively — sents data acquired in produc- — ment. Early expectatio that 
connected with the Cleveland tionruns ona newalloy known it would have cutting charac. 
Research Laboratories and the as 11S. A former article in leristics clearly superior fo aly. 
Edgewater (N. J.) Fabricating Merat Progress (July 1935) by minum materials — pre; usly 
Division of Aluminum Co, of | Messrs. Kempf and Dean told — available are now borne by 
America, and the article pre- of tts metallurgical develop- extensive experience in pian; 


SCREW MACHINE PERFORMANCE 


ON NEW ALUMINUM ALLOY 


BY L. W. E& M P F AN D A. ARTWE LL 


RODUCTION COSTS in any fabricating 
are composed of many _ inter- 

related factors and any analysis of cost 
is usually inseparable from the specific account- 
ing system utilized in its deduction. For the 
purposes of a general discussion, however, it 
may be stated that the principal items enter- 
ing into the cost of an article produced by a 
screw machine are (1) material, (2) machine 
time, (3) machine labor, (4) separating, clean- 
ing, and inspection, and (5) overhead. 

At any specific time, the costs of various 
materials bear a definite relationship to each 
other and are fixed. It will suffice for the pur- 
pose of this article to state that on a volume 
basis the cost of aluminum screw machine 
stock is at the present somewhat less than that 
of brass. Material cost in this sense must of 
course be credited the value of the scrap pro- 
duced in the form of chips and rod ends. This 
discussion will be limited primarily to the ef- 
fect of different materials on the second and 
third items in the cost analysis, namely, ma- 
chine time and machine labor. 

Costs of separating, cleaning, and inspec- 
tion (fourth item listed) may be quite appreci- 
ably affected by some properties of the material, 
such as the character of the chips and the conse- 
quent ease of separating them from the finished 


pieces. This factor, however, will not be con- 
sidered here although it may be mentioned in 
passing that fine chips (characteristic of the new 
free-cutting aluminum alloys) are much easier 
to separate from the parts than the stringy, con- 
tinuous chips from the older aluminum alloys 
used for screw machine products. 

The principal factors affecting the machin 
time are (1) the spindle speed or, more accu- 
rately, the surface speed of the stock, (2) the 
‘ate at which the various tools feed into the 
stock, and (3) the overall time efliciency. 

When cutting highly machinable materials 
such as brass and the strong aluminum alloys, 
it is usually advisable to run at the highest spin- 
dle speeds compatible with a reasonable rate of 
machine deterioration. The weight of the stock 
in the spindles is sometimes an important factor 
in the rate of deterioration of the machine: 
when this condition obtains, the aluminum al- 
loys of course have a distinct advantage in thet! 
low specific gravity. 

The rate at which a tool may be fed into 
the stock is limited by the power required to! 
making the cut, the rigidity of the machine and 
stock, the character of the chips, the surtac 
finish, dimensional tolerances, rate of tool wee! 
tool design, and the mechanical interactio 


successive tools in a specific setup. 
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Parts Manufactured in Screw Machine During Preliminary Experiments on Machinability 


What is meant by “the overall time effi- 
ciency of the machine operation” or briefly 
“machine time efficiency” — may need a word of 
explanation. As an example, the time necessary 
for machining one piece may be 3 sec. and an 
order may call for 100,000 pieces. The machine 
lime theoretically required for the production 
of the order is 300,000 sec. or 83.33 hr., but it is 
found that the time the machine must be as- 
signed to the job, in order to produce the neces- 
sary number of parts, is 119 hr. The overall 
machine time efliciency is then 70%. The dif- 
ference between the theoretical and the actual 
machine time is consumed in tool changes, 
minor machine repairs and supplying new stock. 
Obviously the character of the material being 
machined may have a large effect on the fre- 
queney of tool changes and on the amount of 
fouling of tools and work by the chips, conse- 
quently, directly affecting the machine time ef- 
licleney, 

Machine labor may be divided into that 
required for making the tool setup and that 
required for attention during the continuous 
operation of the machine. The character of the 
material will affect the setup time to some ex- 
tent, but a quantitative measurement is almost 
inpossible due to variation in shop conditions. 
lt can be said, however, that the more versatile 


December. 


the alloy as regards permissible tool angles, the 
shorter the setup time. The material being cut, 
on the other hand, may have a very real effect 
on the second item (running attention) in the 
same manner that machine time efficiency is 
affected. 

Of the various factors discussed in the fore- 
going, the characteristics of the material affect 
principally tool feeds, machine time efliciency, 
and that portion of the machine labor desig- 
nated as “running attention.” It appeared desir- 
able, therefore, to determine the optimum tool 
angles and maximum feeds for the new mate- 
rials in comparison with the older aluminum 
allovs and, to some extent, with the copper- 
base alloys used for screw machine parts. It 
would be possible to do this gradually over a 
considerable period of time during commercial 
production, but the time involved in such a pro- 
cedure is apt to be great, and it seemed that the 
potential savings possible with the use of the 
new materials might justify the cost of deter- 
mining some of the above factors in an experi- 
mental setup designed primarily for obtaining 
information rather than for the production of 
salable parts, 

It was distinctly desirable to carry out such 
experiments on a standard automatic screw ma- 
chine in a manner simulating production con- 
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ditions as nearly as pos- 
sible, and a No. 2 Brown 
& Sharpe 
with a 


single-spindle 
machine revolv- 


ing turret was chosen for 


the investigation. The 
spindle speed is 3000. r. 


p.m. giving, with the “-in. 
stock utilized, a surface 
speed of 590 ft. per min. 
It was decided to deter- 
mine the maximum feeds 
permissible with a num- 
ber of variations in angles 
and design of four typi- 
machine 


cal screw tools. 


Tools selected were two 


side-working tools, 


Dimensions of Tools 
Optimum angles : (17S), a (11 


Too/ 
— 
Drill, both 59°| 14% — | 
Straight @twist| 70) — | 
Circular form -2| 61) 05° 
40 46 1405 | 
2| 61 
8471 86 120.5 | 
10) Os) 
Skive 25 5) — | 
— 
€5| 30| — 
Box,A 40 
— 
37| — 
/0| — 
Box, 8 1945) — | 


namely, skive and form tools, and two end-working, namely, dril! and 


box tools. 


They were made of standard 18-1-1 high speed steel. One 


side-working and one end-working tool each were used in the sam¢ 


setup with each tool working separately. 


The combinations were as 


follows: (1) Skive and drill; (2) box and form; (3) form and drill 
The parts of arbitrary shapes chosen for production are shown 


in the half tone on page 35. 


Variations in tool angles in- 


vestigated are listed in the table at the top left corner of this 


page. 


With each setup consisting of a 
tion of side-working and end-working tools of specific de- 
sign, a de:inite small number of parts were produced at a 


certain 


com 


bina- 


i>. / ae *e specific feed from each of the materials being investigated, 
y rater The feed was then increased by changing gears and another 
—— a similar batch of parts produced from each of the materials 
Skive Too/ The feed was thus increased in increments until the ma- 
chine failed to function by throwing off the power belt 
4 
| Box Tool A Rable Effect of Material on Maxtmum Feeds With 
of Optimum Tool Shapes for Various Limiting Conditions 
17S 11S Brass 
Too/ 
Re/lation- Re/ation- |Relat 
Feed ship Feed ship Feed Sh 
Maximum Feed Wrth Constant Power 
Drill | 0.0475| 100 0.070 165 0.070 | /6 
Box | 0.0525| 100 | 0.064 | 122 |0064| 
Form\ 0.013 | 100 131 10.019 16 
Satisfactory Surface 
Dr 0.0425| /00 | 0.0425| = 
Skive| O.0/C 100 0.015 130 
form| 0.008 100 0.008 ISS 0.010 56 
Box | 0.020 100 0.020 /00 0.0175 5 
Saistactory Dimensional Tolerances 
Drill | 0.0425| 100 O0.0575| an 
Box | 0.0/25| 100 0.020 160 0.0175| 14 
Skive| 0.0/9 100 0.021 /10 
Form | 0.006 100 0.008 0.006 
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pushing the tools out of proper align- 
For each set of conditions, the parts 
wed, together with the chips, were care- 
full, segregated, the volume of chips deter- 
mined, and the parts carefully inspected for 
nsions and surface finish. 


Less Power REQUIRED 


Some of the results are presented in Table 
|, where the maximum feeds are given for the 
best of the tool designs investigated. “Best tool 
design” was selected on the basis of the mavxi- 
mum feed for satisfactory surface and dimen- 
sions in two cases and, in the third, on the basis 
of maximum feed that would produce com- 
pleted parts regardless of surface finish and 
dimensions. Admittedly the conditions do not 
duplicate those encountered in service, vet some 
significant deductions may be made. For ex- 
ample, the higher feeds possible without ma- 
chine stoppage with brass and 11S than with 
17S indicate that the power for cutting 11S and 
leaded brass under these conditions is about 
the same and decidedly less than required to cut 
17S. It would also appear from these data that 
higher rates of tool feeding than are possible 
with 17S can be utilized in machining 11S and 
brass to satisfactory dimensional tolerances and 
surface finishes. These indications, having a 
very real bearing on the machine time required 
for producing a specific piece, should be re- 
flected in definite economies in production. 

Turning now to the question of bulk of 
chips, whether curly or fine particles, immedi- 
ately below are quoted some figures giving the 
average volume of chips (cubic inches per 
piece) actually obtained with optimum tool an- 
gles for maximum feeds giving satisfactory sur- 
face and dimensions in the test piece. 


17S 11S Brass 
Skive and drill 11.6 3.8 
Form and box 12.0 2.2 2.2 
Form and drill’ 6.2 4.3 2.5 


Here it will be noted that the volume of the 
chips from 11S is about the same as that ob- 
tained from free-cutting brass and decidedly 
less than that obtained from 17S. This condi- 
tion reflects a finely broken chip, illustrated 
clearly in the original article in MeraL Progress, 


“The only combination investigated included a 
m tool with a —2° rake which gives about optimum 
sults with brass but not with the aluminum alloys. 


July 1935, and results in appreciable economies 
in the labor required for machine attention dur- 
ing operation and for separating parts from the 
chips. 

Of the tool variations investigated, listed 
in the table on page 36, it is to be expected that 
certain tool designs would be more eflicient 
than others. This proved to be the case, and 
the specific conditions giving the most advan- 
tageous tool designs for 11S and 17S, respec- 
tively, are indicated. The implication in the 
table that 11S may be machined satisfactorily 
with a wide variety of tool angles is again borne 
out in the following figures showing the ver- 
satility of 17S, 11S and brass, 17S being 100 in 
every case: 

Maximum speed for jamming, grand average 
for all tools: 100 for 17S, 152 for 11S, 150 for brass. 

Maximum feed for satisfactory surface, aver- 
age for all tool variations: 100 for 17S, 123 for 11S, 
104 for brass. Same for best tool shape for each 
material: 100 for 17S, 116 for 11S, 109 for brass. 

Maximum feed for satisfactory dimensional 
tolerances, average for all tool variations: 100 for 
17S, 223 for 11S, 138 for brass. Same for best tool 
shape for each material: 100 for 17S, 136 for 11S, 
120 for brass. 

Average maximum feed for optimum condi- 
tions, that is, satisfactory surface, dimensional tol- 
erance, and best tool shape for each material: 100 
for 17S, 139 for 11S, 106 for brass. 

Average volume of chips from skive tool, all 
variations: 100 for 17S, 31 for 11S. Same for best 
tool shape for each material: 100 for 17S, 26 for 
11S. 

The above data indicate that the relative 
performance is not the same under all condi- 
tions investigated, but it is noteworthy that the 
average performance of 11S as compared with 
17S, taking into consideration all the tool angles 
and conditions investigated, is appreciably 
higher than when only the optimum conditions 
are considered for each material. This indi- 
cates that 11S may be satisfactorily machined 
with a wider variety of tool angles than 175. 

The above sketchily described investigation 
vielded valuable data regarding optimum feeds 
and tool designs for cutting 11S. These short 
runs, however, gave no data regarding relative 
tool life and machine time efliciency. It per- 
haps was not inconsistent to expect that longer 
tool life would be obtained with the materials 
which would permit the higher ultimate rates 
of feeding. However, production runs lasting 
over a number of tool sharpenings were neces- 


sary to settle this point. 
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The difficulty of obtaining strictly compara- 
ble data in production is evident to anyone 


familiar with modern machine shop practice. Average Number 
Two different operators, for example, will ob- Part Too/ of Parts Per + 
tain quite different results from the same ma- No. 75 18 ad 
terial in ostensibly the same tool setup. Slight 
variations in machine conditions such, for ex- / jeong [= 9,600 é 
ample, as rate of oil flow, inappreciable changes 
5,650 | 25.950 | 4 
in tool angles, variations in cutting character- Chamfer 9,000 9,000 17 
istics of tool materials, will at times bring about Cut-off 7,000 | /1,00€ 
‘clatively large differences in production during J | Formin 4,500 | 10,000 
relatively large differences in p cli 4000 8000 
short runs. In view of these conditions, it ts 4 | form grooves 200 3,000 4 
necessary to compare results over a consider- _—s orf 2,/00 4,000 
able period of time. This necessity, of course S Forming 6,500 6,506 | 
able period © ne. eces Be, Cross anil! 6 500 13 000 
limits the number of jobs available for compari- 6 | Ainish face 9,000 | 14,000 7 
son, since frequently a minor change in the de- Finish form | 11,000 | 16,000 C 


sign between runs prevents a strict comparison. 

A number of jobs have now been run in 
both 178 and 11S under conditions permitting 
at least an approximate comparison of the tool 
life with the new materials, and the production 
data regarding these runs have been collected 


Il-Tool Life Producifon 
[Parts per Grind 


in Table Il. These are the results from long 
runs on relatively standardized parts, such as 
illustrated in the half tone. In general, thes: 
figures are more favorable to 17S than IIS, 
since the particular tool design utilized is th 
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of vears of development in the machining 
of 1S and should, therefore, be nearer the op- 
tool conditions for the economical pro- 


res 


tim 
duction of parts from this material. As has 
heen indicated in the foregoing, the optimum 


tool conditions for 11S will usually differ from 
those for 17S. Consequently, in making a 
change in production from the old to the new 
material, it is natural that the new material is 
not likely to have the benefit of optimum tool 
conditions. Nevertheless, it will be seen that 
the average number of parts produced between 
srinds is much greater with 11S; thus the aver- 
ave tool life of 11S should be, under the poor- 
est conditions, at least as good as that of 17S 
and. under the most favorable conditions, should 
be four times that of tools cutting 17S. It is 
probably not too optimistic to expect the aver- 
age tool life with 11S to be about twice as long 
as for the duralumin alloys (175). 

In Table III an attempt has been made to 
indicate the order of magnitude of the econ- 
omies to be expected in machine running time 
with 11S as compared with 17S. In this table 
are given the rates of production per hour on 
Brown & Sharpe, Davenport, New Britain and 


Table Iil-Improved Machine Time 
Efficiency With 11 § 


Average | Min Per Cen 
Part orp Production| § 
No.| | pert. | per!000\ Time 
(a/ 530 | 460 12 13 
2 4.3 679 | 577 15 15 
48 575 | 250 | 137 56.5 
4 3.0 855 | 790 6 ~ 
5 42 E79 | 625 fod & 
6 1.6 188O \/550 6.5 /7 
7 3.0 |7108\ 790 22 29 
~ 3.0 |/033 790 18 24 
9 5.0 565 | 460 24 18 
10 (b/ | 940 
I} (c) 582 | 445 52 24 
2 | 427 | 619| 565 9 9 
6.0 472 448 6 5 
43 699 | 543| 24 22 
15 5.5 578 | 385 50 32 
16 5.5 433 | 382 18 12 


(8) 50sec. for 178-7; 55sec. for 118. 118 run on 
slower machine but with higher feed rates. 
(6) 30sec. for 178-7; 26sec. for 118. 17STrunon 
machine with shorter indexing time. On same 
machine ,/1S production would be about 
1400, saving 15min. or 23.5% 
6.2 sec. for 178-7; §.2sec. for §. 
') Much trouble with 17§ chips and poor 
threads due to Chips. 


December. 


National Acme machines, manufacturing parts 
It will be 
noted that the higher average rate of produe- 


illustrated in the group on page 38. 


tion with 11S is attained in three cases (No. 1, 
10 and 11) by the use of higher speeds and feeds, 
but, in general, the higher production with the 
new material indicates only the economies at- 
tainable through less down-time for sharpening 
tools and clearing the machine from obstructing 
chips. The average saving in machine time by 
the use of 11S on these 15 jobs is about 20, , 
and it is to be expected that the utilization of 
optimum tool designs, speeds and feeds for 11S 
would show even greater economies than indi 
cated in this table. This follows from the ex- 
periments showing that 11S may be machined 
With one 


or two exceptions, the parts listed in Table II 


at appreciably higher feeds than 17S. 


were produced in 11S using what might be de 
scribed as “17S tooling.” 


Oprimem Toot Design Witte 


Another illustration of the economics re 
sulting from lower requirements for machine 
attention when using free-cutting screw stock 
follows: A certain manufacturer uses in his 
product a considerable quantity of screw ma- 
chine parts, some of which for vears have been 
fabricated from duralumin or 17S. During the 
past vear many of these parts have been 
changed to ILS. 
changing from the old to the new material that 


The manufacturer found on 


one man could satisfactorily attend to four ma- 
chines instead of two machines as when cutting 
duralumin, thus cutting labor cost almost 50°. 
Total costs of the parts produced from = alu 
minum alloys have been thus lowered 10 to 30°, 
through the use of 11S. 
tion in total cost is due in some instances to a 


A part of this redue- 


small difference in cost of materials, but the 
major economies result from the saving in labor, 
Even here the maximum potential economics 
available in the use of 11S have not been gen- 
erally attained, inasmuch as the new material 
is being produced with the same tooling as uti 
lized with 17S.) As experience with the new ma- 
terial accumulates, advantage will undoubtedly 
be taken of its abilitv to be machined with 
higher feeds when optimum tool designs are 
utilized. The working out of these factors, how- 
ever, requires considerable time, but the econ- 
omies eventually should be realized, 

The earlier article (Merat 
1935) described two experimental alloys, each 
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of which was available in two tempers, W and 
T. One of these alloys (then designated NAILS) 
has been selected as possessing the best com- 
bination of properties for general application, 
and its designation has been changed to 11S. 
It is utilized principally in what is known as 
the “T3 temper.” The mechanical properties 
typical of various sizes are given in the table 
below, as determined on standard tensile test 
pieces. This material is now available in a 
wide variety of standard sizes. 


Table Properites of 11S-TF 


9; Tensile Yield 
RANGE | | Strength 
In. Ps? Ps? % in Zin. 
0/25 to 1.0 57,800 45,800 15.0 
1.0 to 1.§ 48,900 42,100 14.0 
1.5 to 2.0 44,/00 55,600 19.0 
2.0 to 3.0 41,200 29,500 22.0 


It is, of course, obvious that the free-cutting 
alloy will not fulfill all requirements for alu- 
minum screw machine parts. For example, 
service in a specific chemical environment may 
necessitate a copper-free alloy; under such con- 
ditions, an alloy of the magnesium-silicide type 
(51S or 53S) may be indicated. Under other 
conditions the mechanical requirements may 
be different from those of 11S; a higher strength 
material such as 17S may be indicated. Again 
an exact color match with other parts of an 
assembly may necessitate the use of an alloy 
less readily machined. Only time and the ex- 
perience gained from service comparisons can 
finally determine the proper applications for 
this as for any new product. On the other hand, 
the new free-cutting allov has already found ap- 
plication in forms other than screw machine 
stock. Forgings for a part requiring a great 
deal of machining are being produced commer- 
cially in 11S. 

The new material will undoubtedly find its 
widest application in those parts, the machin- 
ing cost of which is a relatively large propor- 
tion of the total. Even under these conditions, 
certain specific service requirements may fre- 
quently necessitate the use of materials not so 
economically machined. This suggests that be- 
fore 11S is adopted for a new application, it be 
tried out to make sure that it meets the service 
requirements. The potential economies possi- 
ble through its use are undoubtedly great 
enough to warrant its consideration wherever 
conditions permit. 


SPECIAL STEELS 
FOR POWER PLANT 


Condensed from anonymous article ** Research | nt, 
Special Steels,” The Engineer, Oct. 30, 1936. 165 


U NCERTAINTY as to the reliability of metals 


under severe service is now the principa 
handicap to the development of more efficient powe; 
plants, in the opinion of a number of British ep. 
gineers and industrialists. A great improvement 
had occurred in the last decade, as witness the fol- 
lowing figures: 
1925 1935 
Model practice; pressure 250 Ib. 600 Ib 
temperature . F. 800° F, 
Best thermal efficiency .. 19.85° 28.59 
Lowest coal consumption ... 1.51 Ib. 06.96 Ib. 
Average coal consumption ... . 2.93 Ib. 1.54 Ib 


The engineer is desirous of going to still higher 
temperatures to avail himself of the superior ther- 
modynamic properties of the heat cycle, the im- 
provement in theoretical efficiency being 7 to 7 
for every 100° F. increase in initial steam tempera 
ture above the first 800° F. So far, however, British 
constructors hesitate to match the American record 
of 1000° F. by the Detroit Edison Co. 

Dr. W. H. Hatfield was of the opinion that data 
are now available for the limiting rate of creep tor 
a given steel at a given temperature up to L000) F. 
But the designing engineer wishes to know the safe 
limit of stress and the rate of deformation at such 
lower stress, and experiments to determine this re- 
quire apparatus of such high precision that few 
have vet been constructed. 

Other problems yet to be solved for the special 
steels were pointed out by representatives of the 
power interests: Accelerated intercrystalline crack- 
ing at high operating temperatures; influence of 
microstructure and the stability of such structures; 
influence of cycles of heating and cooling (intermit- 
tent service); corrosion by hot steam and by hot 
flue gases; short-time acceptance tests; assurance 
that laboratory properties will be duplicated in 
plant equipment. Acceptance tests that will guar 
antee the purchaser against sporadic heats of stee! 
that do not act according to rule are also a pressing 
but a thorny problem. 


Obviously most of these problems can only 
solved by long-time experimentation or experience 
with operating units at and near the upper limit ©! 
temperature and pressure. A continuing resea 
supervised by the British Electrical and Allied 
dustries’ Research Association, is under way, 
the conference approved the desirability of increas 
ing its annual budget to $15,000 per vear. 
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Wy as metallurgist for pose” loolsteel is essential if the pariely of service conditions, 
l wist Drill Co. of Athol, manufacturer of cutting tools is 18-4-1, with improved mill prac- 
Voss. Dr. Frazer calls atlention to stock small tools suitable for lice and heat treatment, is still 

act that a “general pur- service under an almost infinite this general purpose toolsteel., 


MODERN TOOLS 


OF HIGH SPEED 


EVELOPMENT of the modern cutting tool 
1) to its present efliciency is due largely to 

the interaction of two factors: (a) im- 
provement in the design, material and heat 
treatment of cutting tools and (b) improvement 
in the design of machine tools. 

The introduction of high speed steel into 
our machine shops early in this century re- 
quired changes in drive shaft speeds, pulley 
ratios and gear ratios to take advantage of the 
increased cutting ability of the earliest improved 
tools. There were two factors, however, which 
limited the extent to which feeds and speeds 
could be increased — first, the vibration in ma- 
chine tools lacking in rigidity and second, belt 
slippage. 

Machine tool builders quickly appraised 
this situation and designed and built new ma- 
chines capable of lower costs, so that older 
machines were made obsolete and industry was 
forced to buy new machine tool equipment. 
this improvement has been accelerated in the 
past few vears. The new machine tools have 
been designed with care. Greater rigidity has 
been incorporated in the frame, bearings and 
spindles to minimize vibration, and by means 
of « positive driving mechanism, increased cut- 


line feeds and speeds have been adopted which 


challenged the capacity of cutting tools to with- 
stand this additional burden. It is quite evident, 
however, that the modern cutting tool has been 
fully capable of assuming these new responsi- 
bilities, when it is said that forged alloy steel 
blanks, Brinell 365 hard, are in mass production 
on machine lines. 

This improved efficiency of metal cutting 
machinery has been closely related to the de- 
velopment of the material from which the tool 
is made and its heat treatment. The story of 
the development of air hardening steel by 
Mushet has been frequently told. It is worth 
repeating that American steel mills added chro- 
mium (an American ferro-allov) to Mushet’s 
steel to replace some of its manganese and to 
decrease its red shortness. Here was the source 
of the tungsten-chromium steel that Tavlor and 
White experimented with when they found the 
high heat treatment which so vastly improved 
its cutting qualities. The late Dr. Mathews was 
responsible for the vanadium addition, and in 
our present type of tungsten-chromium- 
vanadium high speed steel was placed on the 
market. There have been modifications in its 
analvsis, but when the average layman speaks 
of high speed steel, he refers to the 18% tung- 
sten, chromium, vanadium type com- 
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monly known as 18-1-1. This steel has served 
industry well in all classes of tools and has been 
generally accepted as a standard tool material, 
its performance being used to judge the effi- 
ciency of other types of high speed steel which 
have been developed since its advent. 

Considering standard high speed now read- 
ily available, we find several factors which have 
mutually aided in improving its cutting proper- 
lies over the same types available one or two 
decades ago. They are 

1. Chemistry 

2. Mill practice 

3. Hardening and tempering practice and heat 
treating equipment. 

There has been a gradual change in the 
chemical composition in that the carbon content 
has been increased ten points to its present 
range of 0.65% to 0.75. and the vanadium con- 
tent is now from 1.00 to 1.20°° (approximately 
0.20) higher than it was 15 vears ago). There 
has been practically no change in tungsten and 
chromium content. 

With the change in chemistry, we also find 


that the mills have found ways and means of 
improving their melting technique and mill 
practice so that our 1936 high speed steel shows 
a better structural refinement and is physically 
stronger to withstand impact loading. This im- 
provement is the result of a very careful study 
by mill metallurgists as to the relationship be- 
tween ingot size and design versus finished bat 
size. This hot work ratio and rolling mill tech- 
nique exert a profound effect on the size and 
distribution of the excess carbides. The mi 
cros on page 43 show respectively the annealed 
structure of satisfactorily worked Lars of hig! 
speed steel and an unsatisfactory structure du 
to the cellular arrangement of the carbides. 
(The photomicrographs are taken at half tl 
radius from the periphery; similar ones could be 
shown for bars of smaller size.) A tool mad 
from the bar shown in the right hand photo- 
graph would be extremely brittle, since the hard 
carbide envelopes are so arranged that they pre 
sent continuous surfaces of weakness thir 

out the piece. The recent Campbell Memoria! 
lecture by James P. Gill, abstracted in ‘ast 
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ss Metrat ProGress, will give the reader 


mo 
som idea of the careful and detailed studies 
under way in the metallurgical departments of 


progressive toolsteel makers. 

Simultaneous with this advance on the part 
of the steel makers there has been a decided im- 
provement in hardening room equipment 
hardening furnaces, tempering furnaces and 
temperature control instruments. The above- 
mentioned change in chemistry has had its ef- 
fect on the optimum heat treatment for toolsteel 
(1936 quality) in that the extremely high hard- 
ening temperatures required to obtain full hard- 
ness in the steels of 15 years ago are no longer 
needed. With the lower quenching tempera- 
tures used today, we obtain a finer grained, 
tougher steel with equal or higher Rockwell 
hardness, all of which tends to produce a better 
cutting tool. In the second pair of micros (page 
14) is shown the structure of a properly hard- 


lished for hardening the tools made therefrom. 
The result of putting this program into effect has 
produced better and more uniform tools for 
industry. 

It is necessary for manufacturers of cutting 
tools to carry a large stock of standard sized 
tools in all types. These must give satisfactory 
service when machining any material under 
normal conditions encountered in customers’ 
plants. This has required what might be called 
a “general purpose material” to produce a “gen- 
eral purpose tool,” and it has been a blessing 
for the industry that standard high speed steel 
has been so generally satisfactory in meeting 
this condition. When specifying the heat treat- 


ment of these “general purpose tools,” it is most 
practical to apply that treatment which will 
produce the toughest tool commensurate with 
the hardness required to cut the most difficult 


tvpe of material. This has become particularly 


Annealed Structure of Standard High Speed Steel 
at 100 Diameters, Etched With 5% Nital. Field 
located half way, edge to center on 6-in. round. 


Carbide segregate properly broken up in left 
field; in right field cellular arrangement of 
light etching segregate makes for brittleness 


ened and tempered tool and that of an over- 
heated and tempered tool. The latter consists 
of a coarse, acicular martensite which is inher- 
ently brittle. The samples used for these two 
photomicrographs are both Rockweli C-65 hard. 

In view of the above remarks, it is appar- 
ent that high speed steel should be purchased 
on both chemical and physical specifications to 
insure uniformity of material; likewise that 
Stendardized heat treatments should be estab- 


necessary during the past few years, since in- 
dustry had adopted high alloy steels and alloy 
cast irons for the various parts which tools must 
machine at a high level of Brinell hardness. It 
is possible, moreover, to change the design of a 
tool, better to meet the requirements of a cer- 
tain operation on a special material, and also to 
change the heat treatment of standard high 
speed steel to improve the performance of such 
a redesigned tool. It is likewise practical to use 
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some of the special purpose stecls which have 
been developed; such special tools are con- 
stantly being produced to meet the demands of 
progressive customers, 

During the past 20 vears, the toolsteel indus- 
try has developed and marketed certain so- 
called “super high speed steels” which we would 
prefer to call “special purpose high speed 
stecls.” as none of them have superseded 18-4-1 


as an all purpose stecl. 


the specific merits and suitable applicati 
the steel in question. This is one of th 


esting and important phases of the metalliro 
of tool manufacturing. Often the steel pro 

will advertise his special steel, making el. jy). 
which will attract the attention of industry 4, 
the extent that customers will order certain Is 


made from the new steel for experimental pyp- 
poses. By following the performance record of 


these tools, the tool manufacturer obtains nyuch 


18-4-1 High Speed Steel (1936 Variety); 
Left: Properly Hardened and Tempered for 
Toughness; Right: Improperly Hardened 


and Lacking in Toughness. Hardness of 
both samples, Rockwell C-65. Etched 
in 3° nital, magnified 1000 diameters 


The promotion and use of these special 


purpose steels is accomplished in three ways: 


1. Tests by the steel producer. 
2. ‘Tests by the tool manufacturer. 
3. Advertising. 


It is general practice for the steel producer 
to conduct a lathe tool cutting test for deter- 
mining the cutting efliciency of any toolstecl he 
is studying. This test has been adopted because 
it is used by one of the U.S. Government de- 
partments in testing and calibrating the cutting 
eflicieney of various brands of high speed steel. 
It will tell something about the red hardness, 
toughness under steady load and wear resist- 
ance of the steel, but little about its resistance 
to impact loading or torsional strength. Conse- 
quently, it is necessary for the tool manufacturer 
to conduct accurately controlled heat treatments 
and actual tool tests before he can decide on 


valuable information regarding the success of 
the steel under definite operating conditions. 

Some of these steels might be classified in 
accordance with chemical analysis as follows: 


~ 
~ 


| 


af 


Steel A possesses greater hardenability than 


standard high speed, maintains a very keen cul 
ting edge and is wear and abrasion resists 
However, itis inherently more brittle than 18 
and therefore finds its best place in finish 
tools where light cuts are taken. It is also sa! 
factory for machining abrasive materials s 
as cast iron, aluminum, copper and its all 
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Steel B is a molybdenum steel which has 
b developed during the past few vears as 

which exhibits greater toughness with like 

ness or greater hardness with like tough- 

of 18-1-1. (See Progress, June 1935.) 
lt) is a cheaper steel than 18-14-1 and has been 
used quite extensively in tools where excessive 
red hardness is not required but toughness is 
considerable factor. 

Steels C, D and E are the cobalt high speed 
steels, and all possess much the same properties 
in that they show greater red hardness, wear 
resistance and cutting ability on heavy cuts than 
the other types. Their greatest drawback is 
brittleness, which causes failure either by chip- 
ping at the cutting edge or complete breakage 


of the tool. They are not satisfactory for inter- 
rupted cutting or for hobbing or milling where 
the tool mufst withstand impact. For heavy duty 
turning, however, they appear to be satisfactory. 
Their eflicieney (and cost) increases with the 
tungsten and cobalt content. 

Undoubtedly, as we learn more concerning 
the fabrication and treatment of these special 
purpose steels, we will find more applications 
for them, but at the present time it is the firm 
belief of the writer that standard 18-1-1 type of 
high speed steel is still the best all purpose steel. 
Its present improved state of development is due 
to closer control of chemical and pliysical re- 
quirements in the bar stock and improved hard- 
ening and tempering technique in the tool room. 


MEASURING TEMPERATURE OF LIQUID STEEL 


Condensed from Second Report, Steel Castings Research Committee, British Lron & Steel Institute, 1936 


] T IS AGREED that the calibration is most impor- 
tant, and should consist of checking the optical 
pyrometer very frequently and at the temperature 
of use; extrapolation from some relatively low tem- 
perature should not be relied upon. The compari- 
son standard may be a_ previously standardized 
optical pyrometer, or rare-metal thermocouple, 
checked at a known high fixed point, such as the 
freezing point of nickel. The hot body sighted upon 
should have the characteristics of the hypothetical 
black body. Since a platinum thermocouple does 
not remain constant at 2800° F., it should be 
checked before and after use. A calibrated tungsten 
strip filament lamp may be used as an alternative 
source of high temperature. 
There is usually close agreement between vari- 
ous observers so long as they are fairly well accus- 
tomed to the optical pyrometer being used. There is 
undoubtedly a tendency for differences between va- 
rious observers, which is not constant from time to 
lime, and which has also been shown to vary ac- 
cording to the specific instrument used. 
One should not be satisfied with a greater dis- 
agreement among laboratory observers than +5° F. 
Greater variation than this, even among the various 
readings obtained by a single observer, probably is 
due to eve fatigue or lack of ideal conditions. 
Several tests have been carried out in which a 
number of disappearing-filament pyrometers have 
been compared with one another under industrial 
inditions. Sometimes the agreement was good, but 
| Several occasions the tests showed great discrep- 

ancies between the readings given by various ob- 
rvers, 

Variations are no doubt influenced by the choice 

red sereen and neutral screen, but it is now pos- 


sible to fit glasses to disappearing-filament pyrom- 
eters which comply with the theoretical conditions 
required, 

In an individual works, using one reliable in- 
strument continually, experienced observers can, 
under good conditions, attain a degree of accuracy 
of repetition in their observed temperatures of + % 
F. (+ 5 C.), and under such conditions the meas- 
urements are of considerable value to the steel- 
maker. The apparent temperature of a steel is, of 
course, affected by its emissivity, which largely de- 
pends upon the condition of its surface. 

The following recommendations are made: 

1. Great care should be taken with the initial 
calibration of the instrument. 

2. The stream observed should be tree from 
fumes. 

3. The observed surface should be “smooth,” 
that is, the stream should not be straggly or contain 
folds. 

ft. The operator should always sight on the 
stream in, as nearly as possible, an identical posi- 
tion from one time to another. The positions ree- 
ommended are: (a) In tapping, where the stream 
leaves the launder, viewing normally from the 
windward side, (b) In casting, as close to the nozzle 
as possible, also viewing normally from the wind- 
ward side. 

5. Under these conditions, an emissivity tactor 
of 040 may be selected as reasonably correct for 
ordinary steels. Where reference to absolute tem- 
perature scale is desired, a correction correspond- 
ing to this value should be applied to observed 
readings. 

6. The instrument cover glass should be 


cleaned before each set of readings. 
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AHORT HILLS, N. J., is a remarkable 
community. Of its 355 men, women and chil- 
dren, 20 men and one woman are in Who's 
Who in America. Of those 21, eight are scien- 
tists. Of those eight, three are in the metallur- 
Olt al field. 

Those three scholarly scientists are high 
executives of the United States Steel Corpora- 
tion Rufus Eicher Zimmerman, vice-presi- 
dent; John Johnston, director of research; 
Edgar Collins Bain, assistant to Vice-President 
Zimmerman. Youngest of the three and young- 
est of all the Short Hills notables except one, 
is Metallurgist Bain, 45, president elect of 
the American Society for Metals, whom Lehigh 
University made a doctor of engineering last 
graduation. 

The Bains (Mrs. Bain was Helen Louise 
Cram of Cleveland) were married in 1927, have 
a daughter Alice Anne, 8, named after Mr. Bain’s 
mother, and a son David, 4. 

The Bain home often harbors some sort of 
photographic laboratory since photography is 
intermittently Dr. Bain’s hobby. He contrived 
to accomplish high speed photography many 
vears ago and even dabbled in the early meth- 
ods of color photography. Dr. Bain would like 
to have a larger workshop and covets a ram- 
bling barn wherein he and his son may some- 
times tinker together. Deeply affected by his 
own boyhood on a farm near Marion, Ohio, he 
wishes every boy might have a barn. 

Dr. Bain’s office is on the 19th floor of the 
Empire Building, at 71 Broadway, New York 
City. His window looks northwards over the 
cemetery of Trinity Church. He habitually sits 
with his back to that window facing visitors 
over a broad desk bearing a few stacks of 
papers and normally a steel section or two and a 
few fractured test pieces. 

Dr. Bain is a short, stocky, sandy-haired 
man who talks softly, quickly and to the point. 
After a conference visitors leave informed and 
thoughtful. 

As a student, at Ohio State, Wisconsin and 
Columbia, Dr. Bain was not a consistent scholar. 
On the contrary he did meritorious work in 
some courses and mediocre work in others. His 


favorite courses were in industrial chemistry 
and physical chemistry. Perhaps the urge to 
work with metals existed early, for he remem- 
bers with stirring vividness his first look at a 
photomicrograph of steel shown by the late Pro- 
fessor Nathaniel Wright Lord and his own wish 
to try such investigations. He was elected to 
membership in the honorary fraternities Phi 
Lambda Upsilon (chemistry) and Sigma Ni 
(scientific research). He holds the following 
degrees: B. Sc. in Chem. Eng., M. Se., Ph. D.. and 
Dr. Eng. 

As a scientist Dr. Bain first contributed to 
the knowledge of the transformation (allot- 
ropy) of iron and steel by determining the 
atomic structures by means of \-ray diffraction. 
At the same time he examined solid solutions 
and found some inconsistencies in the existing 
diagrams of supposed homogeneous solid solu- 
tion binaries. He proposed, with his co-work 
ers, acceptable hypotheses on the behaviors of a 
number of alloy steels and particularly of high 
speed steel. He is co-author with Dr. M. A, 
Grossmann of a small book on this subject. 

He later became absorbed in the study 
of the whole family of chromium and stainless 
steels and for several vears contributed to im- 
provements in these valuable materials and 
clarified some of their unusual habits. The 
family of iron - carbon - manganese steels was 
expiored under his direction both as to equi- 
librium and as to rate of reaction. Perhaps 
the most useful study by Dr. Bain was that 
of the rates of transformation of various steels 
at a variety of temperatures. This study cast 
most welcome light upon the hardening of steel 
and made quite simple most of its complexities. 
Out of this research an improved method of heat 
treatment was evolved. In these problems Dr. 
Bain was aided by brilliant associates to whom 
he ascribes much of the credit for their solution. 
Their names are found frequently with his as 
co-authors of some forty technical papers. 

Dr. Bain’s progress through American in- 
dustry has been with the greatest examples in 
the land chemical engineer with B. FF. Good- 
rich Co. (1917); metallurgist with National 
Lamp Co, (1918-22); research metallurgist with 
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Atlas Steel Co. (1922-21); Union Carbide & Car- 
bon Research Laboratories (1924-28); United 
States Steel Corporation (since 1928). Last vear 


he became assistant to Vice-President BR. E. 
Zimmerman. 

In preparing for this biographical sketch of 
President Edgar Collins Bain of the American 
Society for Metals, Mera Progress asked some 
of his co-workers for notes. The response was 
remarkable, reflecting the progress of this man 
in the hearts and esteem of his colleagues. Here- 
with are informative, warrantably lengthy 
extracts of those comments: 

Bain at National Lamp: “Ed came to the 
Cleveland Wire Works fresh from the Chemical 
Warfare service and still in uniform of a First 
Lieutenant. We were then operating in 
cramped quarters and Ed shared an oftice with 
one or two of the older inmates. One of his 
first endeavors had to do with photographing 
the ‘burning out’ of filaments in lamps. For 
this he made his own equipment in a tempo- 
rary dark room and obtained some valuable pic- 
tures. His previous knowledge of photography 
aided him in this. 

“About this time radio was becoming pop- 
ular and Ed devoted considerable time to study- 
ing the filament characteristics of the tubes 
which General Electric was then producing. His 
experimental receiving set was a source of great 
interest to all of us and also a bone of conten- 
tion, since he had trouble at times in isolating 
it for his experiments. 

“His real work, however, began with the 
growing interest in X-ray diffraction methods of 
crystal analysis as applied to metals and alloys. 
kd assembled some apparatus for this purpose 
which is still in use at the Wire Works labora- 
tory. For two or three vears he used to spend 
many nights upon this work and in consequence 
was often absent-minded and irritable during 
the daytime. Herbert Tareyton cigarettes (which 
he called Herbertons) appeared to sustain him 
in these vigils!” 

Bain at Atlas Steel; “| remember very well 
my first letter from him in reply to one I had 
written to him after seeing one of his articles 
in Chemical & Metallurgical Engineering. 1 
made some comments on some topic now for- 
gotten, and remember his assuring me that | 
was quite right, and my wondering how he, who 
was not in the steel business, could tell me about 
it when I had already been working for a steel 

company for a whole vear! This began a cor- 


respondence which became a closer association 


when we both worked for the Atlas Ste. 
“At Atlas, the one incident or series 


orp 


dents which both he and I refer to m f 
quently was how we used to meet at night 4{ 4), 
laboratory and break specimens on ou 
made impact machine. The number of 
mens must have run into the thousands. (4) 
recollections include our competition in pyakiy 
dilatometer measurements, my admirat of 
his ingenuity in getting a piece of high speed 
steel cooled very slowly from the melt by taki 
a piece of ladle skull, our frequent heated ary 

ments on metallurgical matters, his extracrd; 
nary facility in making telling comparisons. (“| 
ask you for an automobile and you give me 4 
toothbrush.) Our metallurgical slogan was 
‘Let's run a series, for we often deplored {| 

fact that all available data seemed to be indi- 
vidual observations.” 

Bain al Union Carbide & Carbon: “Ed Bain 
was the acknowledged ‘spark plug’ and leader of 
the steel research group. Among his outstand 
ing achievements from the standpoint of his co 
workers are the appreciation and study of th: 
delta phase in the high chromium steels, and 
his comprehension and experimental establisl 
ment of the relationship of chromium and ca: 
bon in these steels. In the course of this work 
he originated the ‘universal’ micro-specimen 
This is produced by melting with an oy) 
acetylene torch one end of a very short, rec- 
tangular specimen while holding the other end 
in water and then quenching the whole. 

“Ed envisaged and worked out the chro- 
mium-iron-nickel system. In this work, as well 
as in the previous work on chromium - iron, 
he intelligently combined the X-ray with the 
results of microscopic investigations and in 
dications of other laboratory tools. In con- 
nection with his X-ray work he also did som: 
remarkable radiography, particularly on brass 
castings of complicated shape. Toward the end 
of his stay with us, he initiated work on the de- 
composition of austenite at liquid ait tempera- 
tures, and also started an investigation of the 
transformation change at black heat. In this 
connection, he made the first dial type dila- 
tometer for measuring the change in length ol 
steel while undergoing transformation, 
latter work furnished the starting point for |'s 
subsequent, now famous work on transfor! 
tions in steel. 

“I well remember Ed’s uncontrolled 
when a specimen of medium manganese sic! 
quenched in oil and withdrawn while still 
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fa ed to respond to a magnet immediately after 
mcoching but became magnetic in a short time, 
ell as his keen delight on the first appear- 
of the X-ray spectra lines corresponding to 


britthke compound in the iron - chromium - 


cel system. 

“Ed always liked to discuss the theory of 
steels and the philosophy of metals, and in these 
discussions he never failed to bring out some 
new point of view or otherwise stimulate his 
eo-discussers. As a result of discussions of the 
above type, in 1926 it was concluded that the 
structural and engineering steels presented the 
most potentially fruitful field for metallurgical 
investigation. His subsequent work on trans- 
formations was a direct follow-up of this point 
of view. 

“He has a vast fund of knowledge on sub- 
jects unrelated to metallurgy, as well as a real 
appreciation of the arts. He has a fund of good 
stories and analogies, and is the best raconteur 
of dialect stories I ever heard. 

“All who knew him at Carbide agree that he 
would have been a success in any field into 
which he ventured because of the peculiar com- 
bination of sensitive but controlled emotions, a 
soaring but controlled imagination, and one of 
the most logical minds it has ever been our 
pleasure to encounter. He was ever willing to 
discuss other people’s problems with them and 
his advice on general as well as technical mat- 
ters was invariably sound. He was admired and 
respected by all of us, and generally accepted 
as a charming companion and good fellow.” 

Bain at U.S. Steel: “If there is any one fea- 
ture which has characterized E. C, Bain’s career 
since he joined the staff of the United States 
Steel Corporation Research Laboratory, it is the 
large number of well-deserved scientific and 
technical honors and distinctions which have 
come to him in that period. His record of 
achievement in this respect is unique since it is 
a recognized fact that no other single individual, 
at least in the metallurgical field, has ever suc- 
ceeded in accumulating an array of medals, 
awards, and lectureships comparable to that of 
sain’s, 

“In 1929 Bain was awarded the Robert W. 
Hunt Medal of the American Institute of Mining 
and Metallurgical Engineers for his paper (with 
W. E. Grifliths) on ‘An Introduction to the Lron- 
Chromium-Nickel Alloys’; in 1931 he received, 
jointly with K. Heindlhofer, the Henry Marion 
llowe Medal of the American Society for Steel 
lreating for a paper on ‘A Study of the Grain 


a 


Structure of Martensite’; in 1985 he was 
awarded the American Iron & Steel Institute 
Medal for his paper on “Some Characteristics 
Common to Carbon and Alloy Steels. He was 
selected by the lron & Steel Division, 
to deliver the Henry Marion Howe Memorial 
Lecture in February 1982, which contribution 
was entitled “On the Rates of Reactions in Solid 
Steel; he was chosen to deliver in the same vear 
the Edward DeMille Campbell Memorial Lee 
ture of the A.S.S.T., which lecture was entitled 
‘Factors Affecting the Inherent Hardenability 
of Steel. 

“Appointed by Dr. John Johnston in 1928 
as one of the first members of the staff of the 
newly formed United States Steel Corporation 
Research Laboratory, Bain had a large part in 
the organization and development of the Kearny 
laboratory to its present status. He was placed 
in charge of the metallurgical work of the lab- 
oratory and his contributions to metallurgical 
knowledge from that source since 1928 have 
ranged over the whole field of ferrous metal- 
lurgy, covering such subjects as stainless steel, 
heat treatment, grain size, hardenability, low 
alloy steels, transformation rates, and many 
others. His generalizations in these various 
fields have thrown new light on many obscure 
metallurgical phenomena and our present un- 
derstanding of the hardening of steel has been 
greatly clarified by the originality and sound- 
ness of his contributions. 

“His broad grasp of fundamental metallur- 
gical principles together with his engaging per- 
sonality and tireless energy and enthusiasm 
have constituted a source of inspiration to his 
fellow-workers and have been instrumental in 
bringing out the best that was in them. His 
rare ability to speak and to write clearly on in- 
volved technical subjects is well known to tech- 
nical audiences and readers throughout the 
world; there is no doubt that this ability is, In 
no small measure, responsible for much of his 
success in his chosen field. 

“As the Kearny laboratory grew and de- 
veloped, Bain’s responsibilities and activities 
increased and much of his time was devoted to 
the development of contacts with and for the 
subsidiary manufacturing companies of — the 
Corporation. In this field he was again 
eminently successful, both in making friends 
and in sensing the important metallurgical 
trends of the time. He has been sent on two 
trips abroad in connection with his work, once 
in 1932 and again in 1935." 
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The sad news must be chron- — was only 58 years old. Prior — ment of mild steel ship 


ite 
icled of the death in Liverpool, to 1916 he was chief science _ this variety became know» as 
England, of Grimshaw Mar- master of the Liverpool Col-— “Martinel” and large ton: ages 
tin, whose letters and articles — legiate School; at that time he — have been produced under hj, 
concerning the use of metals organized the testing labora- direction and used in revens 


and welding in shipbuilding — tories of Alfred Holt & Co. His — British ships, including the 


have appeared frequently in most important metallurgical Queen Mary. He tool 
Merat Progress. Mr. Martin work was on 


the heat treat- active part in civic aj 


LETTERS FROM 


HOME AND ABROAD 


DEFINITION AND CLASSIFICATION OF 
INCLUSIONS 


ARIS, France —- In company with René Cas- 

tro, the undersigned has contributed a series 
of papers to the British Iron & Steel Institute on 
the “Morphology of the Inclusions in Sider- 
urgical Products.” More than once in the pre- 
liminary studies the authors have attempted to 
formulate a definition of the term “inclusion.” 
(For instance, is a nitride an “inclusion” in the 
high chromium steels?) The following is there- 
fore an attempt to outline briefly what is gen- 
erally understood by the term, and to lend it 
some degree of precision. 

The expression “inclusion” denotes a sub- 
stance foreign to the essential constitution of 
the alloy and generally harmful, thus indicating 
at least partial insolubility in the metal and the 
idea of impurity. The expression “sonim” 
originated by Hibbard is derived from. solid 
(so), non-metallic (n), and impurity (im). 
Primarily, inclusions may be classified as non- 
metallic and slag inclusions, both terms being 
sufficiently descriptive. Chemically they are 
subdivided according to their principal con- 
stituents, thus: Silicates, oxides, sulphides, ni- 
trides and carbides. Whether or not a chemical 


compound or complex of the above chemical 
types is or is not an “inclusion” depends upon 
its properties: 

1. Its insolubility in the metal, either liquid 
or solid. 

2. Conversely, its solubility in ordinary 
siliceous slags. 

3. Its non-metallic character, as indicated 
by its conductivity, opacity, brilliance, and 
atomic bonds. 

1. Its harmful character, in the sense of an 
impurity. 

These characteristics are somewhat inter- 
related. Thus the metallic character agrees in 
general with solubility in metals and insolubil 
ity in siliceous slags, while non-metallic ele- 
ments are often harmful to the ordinary prop 
erties of steel and other alloys. However, such 
distinctions, although they seem clear enough 
on rapid and superficial examination, becom: 
much less simple after a litthe more detailed 
investigation. 

We will now briefly consider the chemica’ 
classes noted above. 

1. Silicates. These include aluminates anc 
silico-aluminates and represent the most typica! 
non-metallic inclusions, being nearly insolub! 
in metals both liquid and solid, and having ¢! 
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sam. ionic character as aluminates. For this 
reason we will take this type as a standard of 
comparison for the other constituents. (It 
should be mentioned that we have observed pre- 
cipitated inclusions in chromium steel in the 
form of eutectiform dendrites, which indicates 
solubility in liquid metal.) 

2. Oxides. Although the basic oxides Na,O, 
CaO and MgO are ionic compounds and the acid 
oxides SiO, and Al,O, are considered by some 
as covalent and by others as partly ionic, a 
slight metallic character begins to appear in cer- 
tain of the basic oxides. Oxides of iron, nickel 
and cobalt are slightly soluble in the corre- 
sponding molten metal, while Cu,O is soluble 
in molten copper up to nearly 10°. Manganese, 
intermediate between iron and calcium in the 
periodic table, is ionic in its atomic linkages, 
and our observations indicate the partial solu- 
bility of oxides of the (Fe, Mn)O type in liquid 
iron and the relative transparency of MnO. Al- 
though there is a break in liquid miscibility be- 
tween silica and various basic oxides, it must be 
noted that magnetite, chromite, and the spinels 
are only slightly soluble in slags unless they are 
very basic. 

In general, oxides and silicates are always 
regarded as harmful impurities, without, how- 
ever, any good arguments or data to support 
this opinion. 

3. Sulphides. Although certain sulphides 
are definitely ionic compounds (aluminum sul- 
phide) and only slightly colored (zine sulphide) 
the metallic character appears in the sulphides 
of denser metals. Sulphides of iron and of 
manganese are soluble in iron and at the same 
time partly soluble in basic siliceous slags; sul- 
phides of nickel and cobalt are entirely miscible 
with their molten metals and practically insolu- 
ble in their slags —they have a metallic bril- 
liancy and conductivity. 

As we mentioned in the course of our study, 
oxides and sulphides are frequently associated 
and produce inclusions with mixed eutectics, 
implying liquid miscibility; they both can be 
decomposed by heating at high temperature. 
their aspect and color border on those of the 
carbides. 

Although sulphides, like oxides, are gen- 
erally considered as impurities, in certain types 
of soft steel they are used to facilitate cutting 
operations. 

4. Nitrides and Carbides. Although the al- 
aline carbides are ionic compounds — attention 
night be called to the (Continued on page 86) 


December, 


ELectric FuRNACE [RON FoR CASTINGS 


6 Niece Italy — The use of electric furnaces 
for the manufacture of pig iron and cast 
iron has been greatly developed in Europe dur- 
ing the last few years, but has followed different 
lines in the various countries due to the various 
economic and industrial conditions prevailing. 
The four typical lines followed by this 
development may be briefly stated, thus: 

1. Reduction of iron ore by carbon. This 
process is at present used in a normal industrial 
scale in Sweden and Italy, where hydro-electric 
power is abundant and cheap. In Sweden, where 
plenty of good charcoal is available at low 
prices, electric furnaces of the blast furnace 
tvpe manufacture a high grade pig iron from 
the very pure domestic ore. In Italy the same 
tvpe of furnace is used only in a few cases 
where iron ores of a great purity, similar to the 
best Swedish ores, are available. In all other 
cases, a poorer quality of ore must be used, the 
pig iron must compete with the product of regu- 
lar blast furnaces, and the use of charcoal ts 
therefore impossible. In these instances the 
Swedish type of furnace has given unsatisfac- 
tory results, and has been satisfactorily replaced 
with others of a new design, as noted in my 
letter last month. 

2. Melting of low grade iron scrap, mixed 
with various amounts of iron ore, coal, manga- 
nese ore and silica, usually in open top electric 
furnaces of the shaft type generally used for 
ferro-alloys. This “mixed process” is used in 
several European countries, but only where a 
large supply of low grade iron scrap is avyail- 
able. This is therefore to be considered rather 
as a means of utilizing exceptionally large 
quantities of a local byproduct, than as a nor- 
mal industrial process. Practically all known 
tvpes of electric furnaces have been used for 
this process at some time or another; the Miguet 
furnace has given excellent results. The appli- 
cations of the process are practically limited to 
the production of foundry iron. 

3. Melting of low grade iron scrap in elec- 
tric furnaces of a design similar to that of the 
Heroult steel furnace. In this case — where the 
electric furnace replaces the cupola or the re- 
volving furnace — the contingent advantages of 
the process depend strictly on local conditions. 
Under those peculiar to Italy the electric furnace 
is more economical than the cupola even in very 
small foundries, making less than 50 tons of 
castings per month. (Continued on page 88) 


1936; Page 51 


as 
es 
ils 
nt 
ig 
7 
* 


Reasons Wuy FLAKES 


SEEK AN 


\ LAN, Mfaly — A paper by Mr. Reggiori and 
: myself on the cause of flakes in forgings, 
printed in the July 
quoted the recent theory of German workers 
that 


INTERMEDIATE ZONE 


issue of PROGRESS, 
these defects are due to the liberation of 
hvdrogen during cooling in a narrow interval 
of temperature, namely, 100 to 600° FL We were 
able to produce flakes in samples of sound steel 
by heating them in a hydrogen atmosphere and 
cooling them fairly rapidly through the above- 
mentioned range. 

One 


which is worth discussion. 


criticism of this theory has arrived 
It would seem to the 
critics that the deepest strata would be the most 
suitable for flakes because it is hardest for the 
with suflicient 
rapidity during anything but a very, very slow 
cooling, Why then, they ask, should not the 
exact central portion of a large piece of steel 
be the most likely locus of flakes rather than the 
region mid-way between the center and edge, as 


hydrogen to diffuse outward 


is most frequently noted? 

The hypothesis that flakes are produced by 
hvdrogen seems to us sufficiently proved by our 
experiments, vet it does not necessarily imply 
that flakes must be formed in the region where 
hydrogen concentration 
even if it will be admitted that this maximum is 
reached in the central region, a point that could 


has its maximum 


be discussed. 

For instance, the fact that the flakes are less 
frequent in the center can be explained by the 
observation that the very center is often porous, 
especially in big forged pieces, and consequently 
the hydrogen which gets free can expand with- 
out reaching pressures high enough to crack the 
metal. Several observations made by us on 
blooms of chromium-nickel-molybdenum steel 
seem to confirm this point of view, 

Another explanation can be the following: 
When a piece of steel is cooling, a gradient of 
temperature is formed between center and pe- 
riphery which depends on the conditions of the 
cooling. As long as the temperature is high 
enough, hydrogen, owing to its great diffusivity 
and mobility, can migrate from points of higher 
toward 


and also 


from the steel if the saturation point at the 


lower concentration, escape 
surface lavers is reached. 

Sooner or later a temperature is reached 
where there is the sudden drop of the speed of 
diffusion (observed by Jaquerod and Gagnebin 


to be between 350 and 575° F.) in a certai 
Which will not be the periphery, but al. 
always the center, and this zone will o1 
the optimum conditions for the format 
flakes. 


these become paths of escape for the hyd 


As soon as the first cracks are fo 


from deeper seated metal, 

It could also be thought that dendriti 
regation, thermal stresses and the other « 
blamed for the formation of flakes can s 
limes help determine the position and the ori. 
entation of flakes, because these will form mor 
easily in those parts which have the least re- 
sistance; thus, the correlation many times ob- 
served between dendritic segregation, 
metallic inclusions, cooling stresses and flakes 

Typical examples of these more-or-less 
casual correlations can be found in the illustra- 
tions in our article last July. Furthermore, ow 
experience shows that flakes have a preferred 
radial orientation the cylindrical pieces 
heated in hydrogen and quenched, and are |o- 
cated very close to the surface, while in thos 
cooled more slowly (in the air) the flakes do not 
have any preferred orientation and are found 
in the center of the piece. 

Indeed, in the first case the quick cooling 
more or less completely prevented the hydro- 
gen from migrating distributing itsell 
evenly throughout the metal, and the pressur 
produced by this gas can thus reach its maxi- 
mum in a certain zone. To this pressure will 
be added the cooling and quenching stresses. 
(These latter will be particularly dangerous be- 
cause the formation of martensite happens to be 
in the same temperature range at which there 
is the sudden drop of the diffusivity of hydro- 
gen.) These different causes explain very well 
the formation of flakes near the surface and 
with a radial orientation, such as we have ob- 
served in all quenched pieces. 

It must also be remembered that our exper!- 
ments have been made by heating pieces of stee! 
in a stream of hydrogen; the resulting gas con- 
centration will then be higher near the outside 
surface and decrease toward the center of tl 
piece — at least as long as the saturation por! 
corresponding to the experimental conditions !s 
not reached. Hence when a piece unsaturated 
with hydrogen is quickly cooled, flakes will hay: 
greater chance to form in a region near the su! 
face than at the center. 
to be in accord with this point of view, beca 


Our experiments se 


in all quenched cylinders flakes have genera 
been found close to the periphery in mid-len: 
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s, and usually throughout the entire cross- 
: in the regions near the bases, thus favor- 
surfaces through which hydrogen 
d access to the metal. 

the case of slowly cooled pieces, the dif- 
fusion and elimination of hydrogen can pro- 
more or less completely, and the stresses 
nuch smaller; therefore the flakes do not 
have any preferred orientation or location, but 
are distributed at random. 

Finally, if the speed of cooling is so low 
that hvdrogen has suflicient time to distribute 
itself evenly in the metal and to escape from it, 
the local pressure of hydrogen can be so small 
as to be insufficient for the production of flakes. 

It can thus be concluded that the orienta- 
tion, the position and the shape of flakes is de- 
pendent not only on the kind of material tested, 
but also on the conditions of the test; but it 
seems to us sufliciently proved by our experi- 
ments that the presence of hydrogen in the met- 
al is the determining cause of their formation. 
I. Musarri 
A. 


HarpNeEss Or THin SHeer 


TEW YORK, N.Y. — In the September 
= of Mrerat Progress appeared an excellent 
article entitled “Sheet Metal Appraised by Hard 
ness, Ductility and Grain Size” in which it was 
said that the problem of obtaining the correct 
hardness of thin sheet is not vet solved, but no 
reference was made to the contribution of the 
Rockwell Superticial Hardness Tester to this 
problem, This uses much lighter loads than the 
regular Rockwell, and is being used with much 
success for testing sheet metal too thin to be 
accurately tested on the regular Rockwell, even 
though there still remains metal too thin for it 
The article tabulates the limiting thickness of 
sheets on which Rockwell B scale readings can 
be made without a deviation of two numbers. 
These values are taken from Fig. 4 in R. L. 
Kenvon’s paper entitled “Effect of Thickness on 
the Accuracy of Rockwell Hardness Tests on 
Thin Sheet.” presented at the June 1934 meeting 
of the American Society for Testing Materials. 
They are for polished surfaces, as Mr. Kenyon 
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found that the values vary considerably with 
the surface condition of the metal being tested. 

Mr. Kenyon plotted the thickness of sheet 
being tested against depth of impression rather 
than against the B scale of the regular Rockwell, 
and his work included tests made with the F 
scale (,)-in. ball penetrator and 60-kg. load) 
and likewise with the Superficial Tester using 
loads of 15, 30 and 45 kg. In the attached graph 
the values for sheet thickness against B scale 
hardness values are shown (,-in. ball pene- 
trator and 100-kg. load), and likewise the 
thicknesses of material which can be tested on 


Limiting Relation Between Hardness and Thick- 
ness of Sheet Metal to Avoid Erroneous Results. 
Plotted from data secured by Reid L. Kenyon 


the 30-T scale (30-kg. load and ,';-in. ball pene- 
trator) of the Superficial Tester. This brings 
out clearly that much thinner material can be 
tested on the latter than on the regular Rock- 
well, which represents a big advance in the field 
of testing sheet metal. The same equipment can 
be used for even thinner material by using the 
15-T seale, although the sensitivity of the ma- 
chine would be reduced. 

In discussing the occasional practice of test- 
ing a pile of two or more sheets, the article in 
Merat Progress states that this fact should be 
reported for whatever interpretation the reader 
cares to make. This practice should be dis- 
couraged with all the means at hand. In the 
Tentative Methods of Rockwell Hardness Test- 
ing of Metallic Material, A.S.T.M. designation 
Kk 23-34 T, under the section entitled “Test 
Specimens,” it is stated that “All Rockwell hard- 


ness tests shall be made on a single thickn: ss ,; 
the material, regardless of thickness,” and pe. 
fers to a footnote reading as follows: 

“The requirement is essential because ey 
perience has shown that tests made on mop, 
than one thickness are unreliable. The use oj 
more than one thickness is only resorted to, as 
a rule, in the case of material which is so {hip 
that the impression made on a single thickness 
will show through on the under side. The ys 
of additional thicknesses of the same materia] 
under the ‘test piece’ does not give at all th 
same effect as a solid piece of the same thick- 
ness as the combined pieces. Flow takes pla 
on the surfaces between the various pieces and 
the amount of this varies with the condition oj 
these surfaces. Another large source of erro: 
is due to the lack of flatness of the separate 
pieces which leads to a compression of the pile 
under the major load. This is partly elastic 
and partly permanent set and introduces an un- 
known factor into the test.” 

May I add that I am not making a mere 
suggestion that the Rockwell Superficial Hard- 
ness Tester could be used for accurate testing of 
much thinner sheet than can be tested on the 
regular Rockwell, but rather reporting that it 
is so being used by many mills rolling sheet 
metal, ferrous and non-ferrous, and by many 
important plants specifying in terms of the 
Rockwell Superficial Test in purchasing thin 
metal from the mills. V. E. Lysacut 


PRECISION \LACHINING 


CHWEINFURT, Germany important 
“ factor in the development of machines and 
tools, as well as fabrivation processes, is the 
ever-increasing demand for precision working 
and its economies. 

This had induced the Committee for Eco- 
nomic Production of the German National De- 
partment of Economics to form a_ technica! 
committee from various branches of tne indus 
try to clarify the problem of precision working 
and make the information more widely acces 
sible. A paper by Carl Buttner in Zettschri/! 
fiir Metallkunde, April 1936, gives some of thy 
results; the following notes are from Bittner s 
publication, and the reader is referred to it f 
illustrations and details. 

Schroder, in a lecture in Leipzig in 19- 
laid down the principle that “precision wor! 
ing” conveys a dual idea of polish and accura: 
Polish comprises the production of a finer su 
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fac condition. Accuracy goes further; it com- 
s (a) the just-mentioned surface condition, 
» the geometric state, and (c) the accuracy 


of (he part. Given these general ideas, it is next 
important to have numerical information on the 


above conditions for the various fabrication 
processes involved in precision working, such as 
precision turning, precision drilling, precision 
srinding and lapping. 

In precision turning and drilling, the bal- 
ance and vibration in the machine, as well as 
the deformation due to the stresses at the cut- 
ting tool, the fit and clearance of spindle and its 
bearings, and the depreciation of the circulating 
oil are of utmost significance in obtaining the 
exact geometric form of the part. 

According to measurements by Vieweg, the 
importance of the bearing question arises only 
in oil films up to 100 microns (0.1 mm. or 0.004 
in.) in bushed bearings and 1 to 5 microns 
(0.00004 to 0.0002 in.) thickness for ball bear- 
ings. (Many ball bearing specialists believe 
that the thicknesses of the oil coatings are even 
less, being practically nil in ball bearings run- 
ning without any trouble, if only the heat pro- 
duced is rapidly dissipated.) 

To obtain higher surface quality (smooth- 
ness) it is well known that high cutting speed 
is necessary, which produces those “flowing 
chips” characteristic of the production of a pol- 
ished surface. Only the diamond and hard 
metal carbides are used for cutting tools to pro- 
duce this highest surface quality; the diamond 
always gives the better surface condition, irre- 
spective of the cutting speed. Light metals and 
their alloys, as well as brass, bronze and cast 
iron, are best suited to precision turning and 
drilling. With steel there is the problem of a 
really smooth surface, without any solution in 
sight, even at the higher cutting speeds. 

In order to obtain numerical information 
concerning the maximum accuracy obtainable 
with precision turning, a group of brass cylin- 
ders 25 mm. diameter and 100 mm. long were 
turned with 0.01 mm. feed. The accuracy so 
far attainable is such that the deviation out of 
round or conicalness is only 0.001 mm. per 
evlinder (1 micron or 0.00004 in.). 

Bittner describes many tests to determine 
surface quality. The one by Schmaltz (Zeiss 
manufacture) is particularly noteworthy. A 
very narrow light ray is reflected on the part 
parallel to the cylinder axis and observed in 
1 microscope with the lighting apparatus in- 
clined downward. Contours of turned and 


ground specimens may be obtained photo- 
graphically at moderate magnifications in this 
equipment, or the height of the surface irregu- 
larities can be measured directly with an ocular 
micrometer, in micron units. 

Returning now to the various machine op- 
erations, precision grinding is primarily applied 
to hardened steel parts. Accuracy in this case 
is favorably influenced by lower speed of the 
part. Common troubles are due to harder 
micro particles uncovered in the metal, grind- 
ing spindle being out of balance and conse- 
quently vibrating, and unsteadiness of the 
grinding wheel. On round specimens and in 
thread grinding, defects occur which are on the 
order of 1 micron (0.00004 in.) in size. 

In lapping, the quality of the tool is the 
determining factor for the desired refinement, 
while the machine itself, in contrast to turning 
and grinding, is a secondary factor. In discuss- 
ing various processes, Bittner gives the follow- 
ing numerical values regarding the difference in 
scratches or grooves left behind after grinding 
and the surface quality obtained by lap grind- 
ing and by lap polishing. The depth of the still 
noticeable grinding grooves is from 1.5 to 0.1 
microns (0.00006 to 0.000004 in.). After lap 
grinding the irregularity in the surface from the 
highest to the deepest points is about 0.2 micron 
(0.000008 in.). In contrast, after lap polishing, 
the irregularities in surface condition here are 
0.06 to 0.04 microns (0.0000025 to O.Q0000015 in.). 

HANS 


Torsion Vs. Beam Impact Test 


ENINGRAD, U.S.S.R. The figure on 

page 78, reproduced from Luerssen and 
Greene’s article “The Torsion Impact Test” in 
Proceedings American Society for Testing Mate- 
rials, 1933, page 323, shows a noteworthy 
discrepancy between the results obtained by 
their torsional method and the bending method 
(un-notched Izod). Howard Scott, in discussing 
this paper, pointed out the above fact, which has 
not vet been explained, despite exhaustive 
studies on the structure of quenched and drawn 
toolsteel made by the original authors. I be- 
lieve that the explanation rests in the dualistic 
nature of steel fracture, which may be either 
“brittle” or “tough.” 

Brittle fracture occurs when for some rea- 
son the stress in the metal exceeds the so-called 
“brittle strength” before the vield point is 
reached; the cohesive (Continued on page 78) 
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Sove New ALLOYS 


JILZEN, Crechoslovakia A family of inter- 
esting iron allovs, containing high chromium 
and moderately high silicon and carbon have 
recently been placed on the market by the Skoda 
Works. If the object is intended to resist oxida- 
tion at high temperatures, the trade name of the 
alloy is “Ferchromit™; if the service is to resist 
chemical corrosion at ordinary temperature the 
alloy is called “Neochrom,” although the com- 
position of each may vary within substantially 
the same range, namely 0.1 to 1.5%. carbon, 0.5 
to 2.5'. silicon and 22 to 30°. chromium. For 
forgings the content of carbon lies at the lower 
limit; for castings it is at the higher limit. The 
content of silicon is chosen according to the 
content of carbon; with an increase in the latter 
the silicon is also increased. 

The scientific work in the laboratory of the 
Skoda Works, done by the undersigned, E. 
Valenta and our associates, was based on the 
ternary system Fe-C-Cr. The form of this dia- 
gram shown on page 57 is due to publications of 
Westgren, Kittner, Friedmann and their asso- 
ciates, as noted in the list of authorities along- 
side the diagram. We at the Skoda Works have 
endeavored to work out the pseudo-binary 
systems shown at the lower edge of page 57. 

In the ternary system the Fe-Fe.C diagram 
and the Fe-Cr diagram are well known. The 
binary system Cr-Cr.C, is noteworthy for show- 
ing the existence of cubic carbide Cr,C, indicated 
by a concealed maximum because it is decom- 
posed at its melting temperature to trigonal 
carbide Cr.C, and chromium. The carbide Cr,C 
can contain up to 380° of iron in solid solution. 
The pseudo-binary system Cr.C.-Fe represents 
a normal eutectic system. The iron carbide dis- 
solves 12°, of chromium at the eutectic temper- 
ature, whereas the trigonal carbide dissolves 
do, Of tron in the form of solid solution. 

The area of the liquid of this ternary system 

as is shown in black lines on the horizontal 
projection — is divided into five regions. The 
regions for primary solidification of the various 
phases are lettered as follows: Alpha solution 
a-b-c-k-t-a;) gamma_ solution Fe f- 
g-h-j-f; d-e-f-j-k-l-d; and Cr,C. e-d-l-e. 

Of the four non-variant equilibria existing 
in this svstem one is shown in red on the hori- 
zontal projection. It is the plane of the ternary 
cutectoid at These red lines indicate 
how the chromium concentration in the alpha 
solid) solution decreases in the three-phase 
equilibrium « (Cr, Fe) ,C + (Cr, Fe)-C., 


new allovs Neochrom and Ferch 


are located near the intersection of planes \ 
and ).-).. The approximate structural] 
grams on such planes are shown in black 
lower edge of page 57. It will be observed |\),) 
the structure of these allovs is (when in 
librium) an alpha solid solution and the 
carbide (Cr, Fe) C. 

Red lines and notations on these two ps¢ 
binary diagrams indicate how 2.5‘. silicon dis 
places the phase boundaries. (In these quate 
hary complexes the composition of the carbides 
is not known; consequently they are noted as 
AC.) It is clearly seen that silicon substantialh 
decreases the region where the homogeneous 
gamma phase is stable, whereas the region of 
primary crystallization of the alpha phase is 
markedly increased, Further, silicon strongly 
raises the critical points, thereby increasing thy 
region where alloys have no transformations in 
solid state (if transformation of carbides is left 
out of consideration). This latter circumstance: 
is of special value for castings with a high con- 
tent of carbon, since repeated transformation of 
alpha to gamma and the reverse, accompanicd 
by a volume change, should have an unfavor- 
able influence on the behavior of a casting sub 
jected to variable temperatures. 

The grain size of Ferchromit or Neochrom 
castings cannot be modified by heat treatment 
because these alloys, especially at the high con- 
tent of chromium and not too high in carbon, 
have no transformation in the solid state. As 
with all alloys of this type, the grain is coarse, 
especially in large castings. 

Therefore additions of titanium were tried 
to obtain a fine primary grain. Results wer 
very remarkable as shown by four basic electric 
heats. These contained about 25°, Cr, 1.5') Si, 
and 0.70', Average grain size in cast test 
pieces without additions was 325,000 ,?, and with 
0.305, Al addition 650,000 With O06, Ti 
addition the grain measured only 2940 »°. With 
0.25°. Ti and 0.10° AL it was 3570 

Similar results were obtained with «& serics 
of melts made in a small high frequeney furnace 
and cast in small test bars. Over a considerabl 
range of chemical composition the melts with 
out titanium had average grain size of 9.1 to 
11.4 sq.mm.; with 0.06 to 0.15 residual titanium 
the grain size was 0.10 to 0.76 sq.mm. 

The influence of titanium manifested itsel! 
not only in lowering the grain size, but also sup 
pressing entirely the dendritic structure and 
the columnar crystallization zone in the ingots 

F. Posoru 
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prom machinery of every kind 


Compare this year’s truck with its predecessor of ten years ago. Its weight, price and cost of operation 
have been radically reduced, with no impairment of safety. In fact it is more dependable, more 
enduring than ever before. Among the materials that have played an important role in this striking 
transformation are the Nickel Alloy Steels. Through a partnership with Nickel, the simple steels of 
yesterday have been rendered tougher and stronger — more highly resistant to shock, stress, fatigue, 
abrasion and wear. Their greater strength-to-weight ratio offers every manufacturer the opportunity to 
cut down power consumption and replacement costs. Our experience in the application of Nickel to indus 
trial problems is at your disposal. Send for List “A” of available publications on Nickel and its alloys 


Nickel Steels 


THE INTERNATIONAL NICKEL COMPANY, INC., NEW YORK, N. Y. 
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AN UNUSUAL FENDER JOB 


BY JACK 


BEAUDOIN 


Process Engineer, Sheet Metal Division, Buick Motor Co. 


YVEVERAL THINGS are noteworthy about the 
« Jfront fenders for 1937 Buicks. In the first 

place, they are near the top limit of size, 
including in one piece a cavernous fender 
flanged out to meet the runningboard at one end 
and the engine hood at the inner edge. (For- 
erly the tendency would be to make such a 
piece In at least two easier parts and flash weld 
them together or cover the flanged joint with a 
decorative beading of bright metal.) the 
second place, they are made in a unique ma- 
chine-line, where as many as four sets of dies 


ras many operations are mounted in a single 


inammoth press. 


| 


It all started last vear when Buick resolved 
to stamp the deepest one-piece front fender then 
known to automobile industry. this 
design was put up to Harry Herron, superin- 
tendent of the sheet metal division, he staked 
his reputation as well as a good hat on the 
ability of his staff and the press shop to work 
out the sequence of operations and unique dies 
required. Success in this job involved its 
responsibilities! When it was finally going 
well, it looked so easy that the stylists proceeded 
to model the lines and curves for a bigger and 
better — well, at least a bigger and deeper front 
fender for the new 1957 cars. 
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Naturally much preliminary experience was 
available — some of it acquired on the 1936 job. 
Some unusually large presses were required for 
it, not only large in bed dimension but long in 
stroke. In fact, some of the small presses al- 
ready in the shop — large enough to do minor 
operations on the ends—-had to have their 
frames lengthened about 4 ft. with heavy cast 
steel spacers to hold the deep dies required. 
This, together with a desire to economize on 
floor space in an overcrowded shop, led to a 
consideration of the cconomics of mounting 
multiple sets of dies in large presses rather than 
buying or remodeling small presses for the unit 
operations. 

When we got the preliminary drawings for 
the present fender, we first modeled the fender 
in plaster of paris to see how it would look, and 
then started to work on temporary dies which 
would produce sample metal fenders quarter- 
size. After considerable cut-and-try, the first 
quarter-scale fenders were drawn successfully, 
and it was evident that it would be impracti- 
cable to trim the entire stamping in one opera- 
tion as had been done in the past, owing to the 
intricate cam-operated die that would be re- 
quired. Instead, it appeared that four trimming 
and associated operations could be set up in the 
large press used for trimming the 1936 model. 


(Photo on page 62.) 
ADVANTAGES OF MULTIPLE Dies 


Experience with this multiple set-up on big 
presses indicates a number of economies. The 
over-all cost of one large press is less than of 
four smaller ones, and it is more adaptable to 
future changes in dies. The floor space required 
is less. Since the dies are considerably closer 
together, there is less handling labor (no small 
matter in parts weighing 55 Ib. each), no stack 
of parts between presses, and less chance for 
scratching and denting. There are fewer work- 
men of “press operator” classification and 
proportionally more of “helper” classification. 
Finally, the entire series of presses keeps in step 
with the first forming operation, and a good 
leader at that position will set the pace for the 
whole crew. 

Only those concerned with modern = die 
making and press shop practice can appreciate 
the time and effort and the headaches involved 
in the production of a new stamping of this 
character — the building of dies, the tryout, and 
the constant attention to fine details required to 


smooth out the lines and mold the curves. |)’ 
discouraging work at first. You start the , 
with more rejects than good pieces and ¢| 
little by little as the die dressers stand by and 
grind here or smooth there, the final form of {i}, 
dies takes shape and the stampings begin { 
come through. Many times a slight variation 
in area or pressure of the gripping dies, (hy 
insertion of a short bead for even tighter grip, 
or the generous lubrication of a certain area 
will make the difference between success and 
failure. I am glad to say that metallurgists 
from the sheet mills are of great help in solving 
these difficult problems; they are always ready 
to study our requirements and modify thei: 
rolling practice and annealing cycle to adjust 
the material to the part in the shop. 

To get some idea of the amount of stretch- 
ing that takes place in this front fender, a 
sample blank was put through the presses, the 
flat sheet being scribed with 2-in. squares over 
its entire surface. Starting with a blank 92!, in. 
long, the forming operations stretched the meta! 
to 102!. in., an over-all extension of 10 in. or 
around 11‘... The biggest stretching takes place 
at the rear end of the fender. Here a 2-in. 
square was pulled out to 2,*% in. by 2!% in. 
stretching ,°, in. in the width and }% in, in length. 
At this section the local elongation was about 
11’, lengthwise and over 28%. in the width. 
Elongations in tension test pieces of 19-gage 
sheet steel (0.042 in. thick) of 41‘. in 2 in. are 
by no means surprising, but remember the meta! 
then is free to contract laterally, whereas in a 
deep drawn stamping the elongation occurs 
simultaneously in all directions except thick- 
ness. This stretch causes corresponding 
thinning, but the work hardening is suflicient to 
counteract the loss in section as far as eventual 
strength and stiffness are concerned. 

After bianking the sheet, it is put through 
a set of staggered rolls to flex the sheet back and 
forth several times, thus putting the metal in a 
plastic condition where it will draw free from 
“worms” or “alligator markings.” This machin 
is quite similar to a roller leveler used in a 
sheet mill; a dozen rolls, six above, six below 
The rolls are of relatively small diameter and 
ld 


to avoid spring are backed up with others, lv 
in the stiff top and bottom frame. 

The first heavy draw is shown on page 0! 
it takes a double-action toggle press with b 
8 ft. by 11 ft. in area. Prior to placing the ble 
in the dies, it is painted at certain strips al 
the edge (both sides) with a pasty drawing ¢ 
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Double-Action, Toggle Presses Drawing Front Fenders for 19. 


of 


floor 


characteristic 


the 
this press line-up is that fenders progress from die to die. 


piled at left; 


are 


Rejects after first draw 


working in step, so there is no stock cluttering up the 
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Four Operations, Performed in as Many Sets of Cam-Operated Dies, 
Many econ- 
omies result from such multiple set-up in a single large machine 


Are 


Done 


at One Stroke of This 60x71%8-In. Press. 


metal stamping art. Opera- 
tions No. 5 and 6 in this svries 
are combined in one press 
using two different dies. Nim- 
ber 5 rough trims and restrikes 
the rear end; No. 6 cuts scrap 
at the front of the hood sil} 
These operations are performed 
on a press with 36x96-in. bed. 

In similar fashion, opera- 
tions No. 7 and 8 are handled 
on another large double-action 
press like the one used for the 
first draw. Here again are two 
separate dies; one for trim and 
first redraw of nose end, the 
other for finish redraw of nose 
end. The latter is done in a 
cam-action die, where the pres- 
sure is maintained by a pair of 
hydraulic cylinders set  hori- 
(there 
enough vertical distance he- 


zontally being not 
tween upper and lower heads 
of the press to allow this to be 
built in-line). 

The picture on this page 
shows conditions typical of the 
multiple die set-up in a single- 
action press with beds 60x148 
in. in area. Operation No. % is 
shown at the left, a rough trim 
on the nose end. This done, 
the fender is turned end to end 
and operation No. 10 (two men 
at right) finish trims and 
flanges the runningboard end 
in a cam-action die. The fend- 
er is then skidded on a table 
to the rear of the press, inserted 


== in operation No. 11, where the 


pound, and some corners bent up) by hand. 
Four men are required on the feeding side to 


do this work. The press operator and his helper 


on the front loosen the rough stamping from the 
lower die and pass it on to the next machine in 
line. Production is about 100 per hr.; rejects 
due to large breaks and tears have been as low 
as I‘. for a shift, which speaks volumes for the 
success achieved on the job; rejects due to 
rolling mill) defects (principally laminated 
sheet) may run up to 3%. 

From this point on follow a series of multi- 


ple die set-ups that I believe are unique in the 


hood sill is finish trimmed and 
flanged in a long, narrow die just seen above 
the workman’s white cap. Operation No. 12 
(hidden at the left end, rear side) is to finish 
trim and flange the nose end and bumper hole. 
While these operations have been described by 
routing a single fender around the press, it 
should be understood that all dies are full at 
each stroke of the press. 

Operation No. 13 — finish trim and flange 
outside —— is handled on a 60x84-in, press. Oper 
ation No. 14 trims and flanges the radiator 
connection; the last operation, also on a siall 


press, is the piercing of two holes. 
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The foregoing covers the principal press 
sh p operations in the forming and finishing of 
th fender stamping. At the end of this series, 
al! in step, the fender is degreased by going 
through a washer and gas dryer. Twelve addi- 
tional operations are required before the fender 
is ready for the paint shop. These include curl- 
ine of the flanged outer edge, reflanging of 
runningboard, and a number of finishing and 
repair operations. The latter include fixed and 
portable hammers (where minor wrinkles are 
bumped up), oxy-acetylene welding of incipient 
cracks at the trimmed edges, and hand filing or 
grinding slightly roughened areas as indicated 
by the inspector. 


INTERESTING FOR WELDING 


One notable development concerns the at- 
tachment of the splashers or fender skirts, which 
really constitute the side of the engine compart- 
ment below the curving fender line and above 
the chassis frame. This 


trode to copper clamping bar. Duration of the 
current is also controlled by time release. 

With this construction, all holes for fasten- 
ing the fender to the frame are incorporated in 
the skirt instead of the fender stamping so that 
any changes required in the attachment can be 
readily made in the small skirt fastenings. 
Previously it was necessary to make costly 
changes in the large dies to accommodate 
changes in the fastening holes. 

A final word is in order about the metal 
from which the dies are made. Ordinary cast 
iron dies of this size run into great weight in 
fact, bevond the safe limit of our 15-ton crane 
and craneway. Note the relatively thin webs 
and bases on the dies in the photograph on page 
61. These dimensions are possible (and at the 
same time staving within our weight limita- 
tions) by using nickel cast iron dies, an electric 
furnace product made locally, While these are 
rather more difficult to dress than older dies, 
they are practically indestructible from wear. 


year, thee fender 
which serves as the 
splasher at the hood sill, 
is made up of three 
stampings, welded in one 
set-up operation to the 
fender. The machine is 
photographed on_ this 
page; it has automatic 
clamping fixtures holding 
the laps tightly against a 
copper bar, bent and 
shaped to proper contour, 
The spot welding is done 
with a hand-grip gun 
welder. This is moved 
quickly from point to 
point along the seam; a 
trigger is pressed, and air 
pressure forces the weld- 
ing electrode down on the 
seam (the upper end of 
the air cylinder being 
held by a “bucker-up” 
bar above) and when the 
pressure reaches the cor- 
rect intensity an electric 
switch closes automati- 
cally, discharging current 
of proper spot welding 
characteristics for the 


Fixture for Assembling Fender and Fender Skirt Stamping, 
Ready for Spot Welding With Hand “Gun.” Current its 
flashed on automatically when correct pressure tis estab- 
lished between point, lapped sheets, and copper bar beneath 


proper time from elec- 
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One of the most important — state of knowledge up to date. — the art seems to be static. On 


tools the practicing metallurgist Unfortunately 


the time re- the other hand, in handbook. 


has — in fact any professional — quired to collect comprehensive — such as the two described be. 
man—is a living library. Books information, write and print — low, re-issued at fairly frequent 


form the basis of it; periodical the book means 


that editions — intervals, metallurgy ts a living 


literature is the growing organ- — can be prepared at rather rare — organism, as we all know (t js 
ism constantly bringing the — intervals —in them the state of —— growing vigorously. 


REVIEWS OF 


RECENT BOOKS 


Merats 
Reviewed by Frep H. CoLvin 
Editor, American Machinist 

A.S.M. Merats Hanpsook, 1936-1937 Edition. 

1392 pages, 6x9 in. Red cloth binding. 

American Society for Metals, Cleveland. 

Price to non-members of the Society $10.00. 

Only those who have had experience in the 
preparation of large books of reference can fully 
appreciate the care and labor represented by 
this new volume. As with all other such books, 
one of the most serious problems that confronts 
the authors or compilers is what can be omitted. 
For there are so many phases of modern metal- 
lurgy as it applies to present day machinery that 
it is not possible to include all the data available. 

The major headings, as outlined by R. S. 
Archer, president @, are: General Data, Con- 
struction of Matter, Structure, Properties, Test- 
ing, Melting, Casting, Mechanical Working, Heat 
Treatment, Machining, Grinding, Welding, Sold- 
ering, Cleaning, Equipment and Application. 
This list, however, gives but a faint idea of the 
amount of material contained in the book, as 
can be seen by a close study of the 38 pages of 
closely set index, and a table of contents that re- 
quires 7 pages. 


The section devoted to the testing of metals 


seems particularly complete, both for laboratory 
and shop use. It includes a complete discussion 
of Brinell, Rockwell, Shore, Monotron, Vickers, 
Herbert and other hardness testing methods, 
covering well over 50 pages. The effect of de- 
sign on heat treatment is shown by numerous il- 
lustrations of a very practical nature, while the 
data on the welding and casting of metals is giv- 
en in very concise form. 

It is impossible even to refer, in an ade- 
quate manner, to all the subjects covered in 
this volume. The information regarding the 
trade names of steels of various kinds and the 
constitution of the various alloys, will commend 
the book to all who have to do with ferrous 
metals and the machining of them. Likewise 
the data regarding the tools to be used, machin- 
ability, cutting fluids and the like will be wel- 
comed by many. 

Approximately 475 pages are devoted to 
non-ferrous metals and their properties. The in- 
formation includes the uses of the materials as 
well as methods of machining and of welding. 
Nor is this confined to the more common met:!s 
It includes platinum, palladium, iridium, ©s- 
mium, rhodium and ruthenium. 

Another feature of the book is the insertion 
of colored pages, advertising the materials oF 


apparatus referred to in the section adjoins 
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the insert. These pages give information that 


the reader frequently wants where it is easily 
available and in a distinctive manner. These 
insert pages, however, all bear separate numbers 
and are not counted in the 1392 pages of text, 
nor can they be confused with the text in any 
manner. 

Sources of information are given in nearly 
every case and there are frequent references to 
additional data on the subject to be found else- 
where. These references number about 2500 
and add greatly to the value of the volume as 
a book of reference. Metals working plants 
should have one or more copies of this Hand- 
book available in their libraries and should en- 
courage their men to use them frequently. 


Cast Metrats HanDBOOK 


Reviewed by E. J. DONNELLAN 
Secretary, @ Metals Handbook Committee 


Cast Merats HanpBook. 512 pages, 6x9 in., 125 
tables, 130 illustrations. Semi-flexible cloth 
binding. American Foundrymen’s Associ- 
ation, Chicago. Price to non-members of 
the Association, $4.00. 


By the publication of the 1935 edition of 
Cast Metals Handbook, the American Foundry- 
men’s Association has rendered its industry a 
valuable service. This is the first edition and, 
we believe, the only Handbook published deal- 
ing only with cast metals and casting problems. 

With the advent of welded structures and 
the development of many new high-strength 
wrought alloys, the casting industries suffered, 
for a period, a loss of business to the producers 
of wrought products. This loss of business was 
frequently attributed to a lack of readily avail- 
able and authentic information on the properties 
of cast metals, manufacturing practices, and a 
knowledge of the proper application of cast 
materials in relation to design. Although much 
engineering data have always been available on 
casting problems and materials, they have been 
distributed throughout the technical literature, 
and when certain portions of these data were 
organized into a compilation, they were avail- 
able to only a few. As a result the purchasers 
of castings, engineers, and often foundrymen 
themselves, have been handicapped by insuf- 
ficient information and too often have applied 
obsolete data to their problems. Cast Metals 
Handbook now places at the disposal of all 
those interested in castings a valuable compila- 
tion of engineering data, thus removing the 


former handicap and assisting them in arriving 
at the same conclusions as to costs and service 
results to be expected from castings. 

The Handbook is divided into six major 
sections. The first section contains 26 pages for 
the designer, giving recommendations as to the 
design and types of patterns, suggestions for 
such important subjects as thickness of sections 
for different metals to be cast. solidification, 
fillets and cores in order to produce sounder 
castings more economically. 

The second section of the book lists recom- 
mendations to buyers of castings. Although 
this section only contains five pages, it gives 
sound advice to the purchaser as to the type of 
information that should be submitted to the 
foundryman in order to arrive at cost figures 
and avoid misunderstandings. 

The next four sections of the Handbook dis- 
cuss cast materials and devote a section each to 
cast iron, malleable cast iron, cast steel, and 
non-ferrous castings. 

The methods of manufacture for the vari- 
ous cast materials such as patterns, molding, 
cores, melting, casting, cleaning, and heat treat- 
ment, are discussed each in its own division. 
The metallurgy of each metal is also outlined 
such phases as structure, effect of alloying ele- 
ments and impurities, physical changes and 
transformations, composition, and control of 
properties. 

The subdivisions of each of these sections 
present for the cast metals comprehensive in- 
formation and engineering data on the prop- 
erties such as chemical, mechanical, electrical, 
hardness, corrosion resistance, machinability 
and strength at elevated temperatures. The 
generous use of tabular matter and charts pre- 
sents this in convenient and useful form. 

In a number of subdivisions suggested ap- 
plications for the cast metals are listed as a 
guide to the proper use and as an illustration 
as to the extent the particular metal is used. 
Some of the more important and generally used 
specifications and tests are listed and discussed 
for the various cast materials. 

It is interesting to note that the book has 
departed from the conventional 4!.x7-in, hand- 
book size and is produced in the much more 
convenient and useful 6x9-in. text book size. 
We do not hesitate to recommend Cast Metals 
Handbook to anyone having to do with castings 
and foundry problems. It should serve as a 
valuable reference volume for engineers, con- 
sumers, and producers of cast metals. 
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Testing X-Rays 


teviewed by H. H. Lester 
Senior Physicist, Watertown Arsenal 


ENGINEERING by V. E. Pullin. 136 
pages, 8x11 in., 30 illustrations. G. Bell and 
Sons, Ltd., England. Marketed by Engi- 
neers Book Shop, 168 East 46th St. New 
York City. Price $16.00. 

Radiography is very deeply indebted to Dr. 
Pullin for much of the pioneer work that has 
given this method of testing metals its present 
recognition. This, his latest contribution, is a 
very welcome addition to the extensive litera- 
ture on the subject. It may be described as a 
compendium of useful information covering the 
field of metallurgical applications of radiog- 
raphy. The volume is divided into six chap- 
ters, and comprises 4 pages of text and 92 pages 
of illustrations —— a notable preponderance. 

The text, written with characteristic lucid- 
itv, is a sufliciently complete and admirably con- 
densed treatment which will appeal alike to the 
practical technician and to the metallurgical en- 
gineer. It commands respect because of its sim- 
plicity and conservatism. 

The illustrations deserve special comment. 
They are remarkable for their excellent execu- 
tion, but more important they convey pictorially 
stories of case histories that could not have been 
presented as well otherwise. These case his- 
tories cover the typical examples of casting de- 
fects. They are shown in radiographs together 
with pictures of cut sections and are further elu- 
cidated in many cases by cross-sectional draw- 
ings of the piece. 

Special methods used for various diflicult 
problems that arise in practice are also dis- 
cussed in the text and further illustrated by 
sketches and diagrams. The treatment of welds 
is worked out with the same meticulous care, al- 
though unfortunately it is somewhat lacking 
in completeness. 

The chapter on radiography by gamma rays 
is perhaps the most valuable discussion that has 
vet been presented on this interesting subject. 
The illustrations again drive home the points 
made in the text in a convincing manner. 

In the chapter devoted to X-ray equipment 
it might be remarked that some important re- 
cent developments in this country are omitted. 
This chapter could be improved by descriptions 
of shielded anode tubes, grid tubes, and self-rec- 
tifving units now coming into use in a number 
of places in the U.S. A. 


PuysicaL METALLURGY OF IRON 


Das TECHNISCHE E1tsen (Constitution and P; 
erties of Iron and Its Alloys). 3rd Edit 
Revised and enlarged from the second ¢«jj- 
tion (1925) of the late Prof. Paul Oberlof- 
fer’s volume by W. Eilender and H. Esser, 
612 pages, in. 762 illustrations, 
bound in black cloth. Published by Julius 
Springer, Berlin W-9, Germany. Price 57 
RM (subject to export discount). 


Here is a fitting companion for Eduard 
Houdremont’s volume on alloy steels, which th: 
Editor so enthusiastically reviewed in Mera 
ProGcress for September 1935. If to these two 
books Franz Rapatz’ Die Edelstdhle is added. 
the picture of German steels is notably modern, 
clear and complete. 

At the very start the title illustrates the fact 
that Germans and Americans look at things 
from different angles. Professor Oberhotffe: 
first wrote a book about the technology of iron; 
his plan has been retained and certain portions 
highly developed by his associates at the Metal- 
lurgical Research Institute in Aachen, so that an 
American technologist would class this book not 
as technical, commercial or engineering meta! 
lurgy but as physical metallurgy, scientific o1 
theoretical rather than practical. Thus, half of! 
the book is devoted to an exhaustive discussion 
of 27 binary equilibrium diagrams of as many 
chemical elements with iron, the corresponding 
ternary systems with carbon (where they hay 
been studied), and the way specific properties 
vary as the structure changes. These diagrams 
and discussions extend far beyond the present 
limits found useful commercially — for in- 
stance, an American technologist would = stop 
thinking much about copper in steel after reach- 
ing 2 or 3°; this text gives the binary system up 
to 100% copper, the ternary system up to 2) 
copper, and properties up to copper. (thus 
remark is intended to illustrate an advantag: 
rather than a defect of the book.) 

The second half is subdivided by operations 
and practices rather than by materials, althoug! 
two short chapters at the very end have to 
with malleable and cast iron. A very valual! 
section comprising 110 pages, more or less, ¢ 
cusses solidification of ingots and castings. 
crystal structure, segregation and ingot dete: 
and the way all these things affect the mic! 
structure and properties after subsequent tr 
ments, either in the steel mill, the foundry or | 
plant of a machine manufacturer. Another 
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d ation of the authors’ point of view (inherited 
f: om a scientific rather than a technical or prac- 
ti al background) is that they devote 25 pages 
e ch to hardening theory, case hardening and 


ace hardening. 

In other words, this is a book for men who 
are looking forward, rather than for those in- 
terested in maintaining the metallurgical status 
quo or reverting to the ways of our fathers — if 
there are any such. It is, as already intimated, 
distinctly a Teutonic book; while many Swedish, 
French and English authors are mentioned in 
the bibliography (together with a handful of our 
own top-notchers), the bulk of the material is 
drawn from a galaxy of German investigators. 
In view of the relative ignorance we Americans 
have of the foreign literature, a summary state- 
ment of this enormous mass of knowledge is in 
itself of immense convenience. It is as though 
the German contributions referred to in all the 
Alloys of Iron Monographs were condensed in- 
to one inclusive volume. 

E. THum 


NEW PUBLICATIONS RECEIVED 


SyMPOsIUM ON HiGH Srrencru Consrruc- 
(ONAL MeTaALs. 126 pages, 6x9 in. Published by 
American Society for Testing Materials, Phila- 
delphia. Paper bound $1.25, cloth $1.50. Re- 
prints of five papers and discussion at Pitts- 
burgh regional meeting, March 1936, devoted to 
light metals H. Dix, copper (C. H. 
Davis), nickel (G. F. Geiger), steel (FE. F. Cone) 
and stainless (E. E. Thum). 

& 

Armerarr Data. Loose leaf binder 
containing 40 pages, 84x11 in. Published by 
Summerill Tubing Co., Bridgeport, Pa. Price 
$1.00. Properties of standard sizes of round, 
square, elliptical and streamline tubing, but 
mostly curve sheets showing relation between 
load and column length of such chromium- 
molybdenum tubing for fixity values of 1 and 2, 
and vield points of 60,000, 75,000 and 85,000 psi. 

& 

STANDARD Mevrat Direcrory, 7th Edition, 676 
pages, 6x9 in., blue cloth. Atlas Publishing Co., 
100 Lafayette St.. New York. Price $10.00. A 
directory of the metal refining and casting in- 
dustry, both non-ferrous and ferrous, giving not 
only the business address, but in most cases, 
thames of oflicials and lists of facilities available. 
lhe 6th edition was dated 1931. 


Zinc CoatinG (Hor Gatvanizine). bibli- 
ography compiled by Victor S. Polansky, Car- 
negie Library, Pittsburgh. 110 pages, 8!.Xx11 in., 
mimeographed, unbound. A list of articles and 
patents since 1910 that are available at the Car- 
negie Library, with brief notes on the scope of 
each citation. Books and other publications 
containing additional lists of references are 
clearly marked. 

& 

Inon AND Stee. Wine. A bibliography 
piled by Ralph H. Phelps, Carnegie Library, 
Pittsburgh. 68 pages, 8!.x11 in., mimeographed, 
unbound. References (and notes on scope) 
dating back 50 years to books and magazine 
articles referring to history, manufacture and 
properties (except electrical). Rolling, pickling 
and galvanizing of rods are not treated. 

& 

AGATHON ALLOY Streets. 106 pages, 6x 
blue cloth. Republic Steel Corp., Alloy Steel 
Division, Massillon, Ohio. A handbook, hand- 
somely illustrated and printed, concerning the 
manufacture, properties and uses of the S.A.E. 
alloy steels, as well as several other useful 
groups of low chromium steels, nickel-chro- 
mium-vanadium steels, nickel-copper-molyb- 
denum steels and chromium-molybdenum-alu- 
minum steels. 

& 

FourntH Reporr or THE Corrosion Com™ir- 
ree. 239 pages, 514x8!4 in., 52 line drawings, 11 
plates, bound in maroon limp cloth. Published 
by the Iron and Steel Institute, 28 Victoria St., 
London, S.W. 1, England. Price 16° shillings. 
Various steels and irons are being exposed in 
racks to the atmosphere in a number of loca- 
tions, and built into ship hulls for marine ex- 
posure. Supplementary laboratory studies have 
also been undertaken on correlated problems. 
Some atmospheric exposure tests of 5-year du- 
ration on chromium-copper steels and manga- 
nese-copper-silicon steels (analogous to the high 
strength structural steels recently exploited in 
the U.S.) are now available. 

S & 

Second Report or THE Street Castings Re- 
Com™urrer. 117 pages, in., 126 
illustrations, bound in maroon limp cloth. Pub- 
lished by the Iron and Steel Institute, 28 Victoria 
St., London, S.W. 1, England. Price 10 shillings. 
Reports of six subcommittees on such matters 
as fluidity and its influence on the casting, meas- 
urement of casting temperatures, the proper- 
ties of the steel during cooling in the mold. 
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Major Bellis was first chair- 
man of the Springfield Chapter 
on its organization early in 
1920, as a unit of the rapidly 


of the Springfield Armory, fa- 
mous for a century for its army 
rifles, he acquired certain ideas 
about the best way to heat treat 


parts of the breech mechani«m 
These ideas he has exploited to 
commercial success in sali 
baths and furnaces that hav, 


growing American Steel Treat- the tools necessary for machin- — far wider applications than 


ers Society. Then metallurgist ing the barrels 


and various the original ones in tool rooms 


MOLTEN SALT BATHS 


INTERNALLY HEATED 


B A. 


NEW METHOD for heating molten salt 
baths, used for heat treating high speed 
steel from high temperatures (23007 F. 
more or less) was developed in 1928. Instead 
of putting the pot in a fuel fired setting and 
transmitting heat through the pot wall to the 
salt within, the pot was supported all around 
by insulating firebrick and heat generated by 
passing current from a submerged electrode 
through the salt to the pot wall. For heating 
of high speed steel tools, three pots were com- 
monly mounted in a row in one refractory 
block, one at moderate temperature for pre- 
heat, one at high temperature for final heat, 
one at the correct temperature for quenching. 
Equipment of this sort was described by the 
present author in Merat Progress in January 
1934. It is now the intention to give some addi- 
tional information concerning the economics 
of larger installations for treating steel and 
non-ferrous metals at lower temperatures. 
The early furnaces usually had a _ single 
electrode in each pot, being intended particu- 
larly for the high temperature work where it 
was best to use as small pots as_ possible. 
Double electrodes would occupy too much of 
this valuable space. However, tempering, pre- 
heating, quenching and annealing at lower tem- 
peratures as well as high heat baths for large 


pieces were soon in use which employed several 
electrodes, the current being passed either be- 
tween the multiple electrodes or the electrodes 
and pot wall. 

Since the pot itself is of metal and, there- 
fore, a conductor of electricity, it might be 
assumed that it would short circuit the current 

in fact, neither the metal pot nor pieces of 
the work heat treated coming into accidental! 
contact with the electrodes did so. The highest 
resistance seemed to be near the electrodes, vel 
circulation of the bath prevented local overheat- 
ing. It will, of course, be understood that a metal 
pot is absolutely necessary as a container of 
the bath material to prevent contamination of 
the bath from any refractory material which 
might be proposed as a container. The metal 
pot is also an important feature in the storag’ 
and equalizing of heat in the furnace (as will 
be shown in more detail later). When cold 
work is immersed in the bath a non-conducting 
film of salt freezes around it, so if cold work 
accidentally touches two electrodes this solid 
insulating film prevents short circuiting. Afte! 
the load is adjusted, it, of course, rides free o! 
electrodes. If, after this film melts off, the work 
accidentally shorts two electrodes, 
switch prevents damage. 


As the temperature rises, the conducti\'') 
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of the bath increases and therefore the current 
input in a typical installation rises approxi- 
mately as follows: Bath with melting point of 
operating at 1200° F. requires 50 
unperes, at 1500° F, the bath takes 71 amperes, 
and at 1800° F., 88 amperes. 


Other interesting changes included the 
placing of electrode leads under the insulated 
top of the furnace; the preference for rectangu- 
lar pots over round ones especially for anneal- 
ing, some being over 20 ft. long; the simplitica- 
tion of the cover so that an insulated slab on 
roller bearings became the preferred type; pots 
of thicker and thicker walls as it became evi- 
dent with tonnage production that the heat 
stored in the pot was a decided advantage. It 
was also found that castings made good pots. 
Some high chromium alloys, which were unsuit- 
able for furnaces fired from the outside, have 
given very satisfactory life. One alloy in par- 
ticular is unusually resistant to deterioration 
at and above the salt line, vet in the opinion of 
the alloy manufacturer was quite unsuitable for 
a container due to its coarse-grained and brittle 
structure. It turned out that when supported 
all around with brickwork, and cast with the 
thick walls desirable for heat storage, this alloy 
is extremely durable at the high heats necessary 
for 18-1-1 toolsteel and 18-8 stainless steel. Even 
at temperatures up to 23000 now possible 


In order to control the current input, pri- 
mary taps to the transformer are arranged to 
give lower primary voltages as the amperage 
increases with the conductivity of the bath. The 
line voltage (ordinarily 220 or 550 volts) is 
stepped down to somewhere in the range of 10 

16 volts, by such transformer taps, depend- 
ing on the temperature, conductivity and ther- 
mal requirements of the bath. 

Electrodes themselves are massive hair- 
pins of heat resisting iron alloy, one leg im- 
mersed at least 12 in. in the bath and the other 
leg securely bolted to copper bars of low resist- 
ance. Transformers are usually set quite close 
to the furnace (to make the connection as eco- 
nomical in copper and the FR loss as low as 
possible) either in a screened cage or a sub- 
floor compartment. All connections must be 
made with as few and as good joints as possible, 
as the current is so high that a little resistance 
will cause excessive heating. 

Some preliminary doubts about methods of 
Starting up a pot frozen solid have been easily 
resolved. A metallic resistance coil is placed 
between electrodes (in small pots) prior to a 
shutdown. In larger baths, where space is not 
such a consideration, these coils are permanent, 
a properly designed coil taking no more than 
of the current at operating temperatures. 


Construction of Rectangular Tanks of Considerable Length, 
for Heat Treating Metals in Molten Salt, Is Well Shown by 
the Two Views on This Page. Electrodes hook over the 
sidewalls, are immersed in the salt inside and securely 
fastened outside to copper bars leading back to transform 
ers (in this case these are housed in a pit, the protective 
floor slab having been removed for the photographer). The 
cover is well insulated, mounted on wheels and slides to one 
side allowing work to come in or out, via overhead crane 
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to guarantee pot life of one year; practically 
no failures occur at 2000° F. and lower. 

The heat stored in the pot has led to some 
very important engineering developments. — It 
became evident that a large “tank of heat” often 
had advantages, so that a larger bath than actu- 
ally required to handle the work was often pre- 
ferred. In small shops with a power demand 
of, say 100 kw., a furnace with this rating could 
be heated when the machinery was idle and 
store enough heat to do the necessary annealing 
without using more than a small part of the 
available power load with machinery running. 
Another example is in a shop where both cop- 
per and steel are to be annealed. The routine 
was adjusted so that the bath was preheated for 
4 hr., starting at 3 a.m. and ending at 7 a.m. 
with off-peak power, thus bringing the temper- 
ature up above 1350° F. (the correct temper- 
ature for the steel). As soon as all the steel 
was heated, the moderate amount of current 
required to maintain temperature was shut off 
and enough heat was then stored in the bath to 
anneal several tons of copper with no current 
at all while the bath was cooling, but still above 
1100° F. (the minimum for copper). 


STorED Heat UTiLizep 


A more elaborate illustration of this plan 
is in a plant having to anneal various amounts 
of stainless steel, nickel, steel and brass. The 
full current is turned on the furnace at 4 a.m., 
when the demand for electricity at the plant is 
at the lowest. This current is held close to 
maximum until about 7 a.m., at which time the 
temperature of the furnace has increased to 
2000° F., suitable for annealing stainless steel. 
Power is then turned completely off, allowing 
the peak load on the motors starting the plant 
equipment to be handled without any inter- 
ference whatever. At about 8:30 a.m., when 
the plant is running along with a demand some 
15‘. below the peak, a small amount of electric 
power is again diverted to the furnace. When 
the plant is shut down at noon the furnace is 
turned on full again until 1 p.m., when the 
power is completely turned off the furnace to 
accommodate the motor peak. In the after- 
noon the general procedure is repeated. 

The temperature in the furnace gradually 
drops off through the day, due to the heat ab- 
sorbed by the wire being annealed, but this 
drop is utilized by annealing, successively, 
materials which require lower and lower an- 


nealing temperatures. For instance, at 7 
approximately 100 Ib. of stainless steel wir. jx 
annealed at from 2000 to 1850° F. The fur 
nace then cools down further to 1750° F. d 
1650° F. during which time the nickel is heated 
The furnace again cools until at 1550° F, 200 |) 
of german silver wire is annealed. This brings 
the temperature down to F.. at which 
point 500 Ib. of steel wire is annealed and at 
1250° F. 500 Ib. of brass and bronze are ap- 
nealed. The quantities of the different mate- 
rials vary from day to day, but this is readily 
taken care of by adjusting the power input 

While it may not seem good practice to us: 
a range of temperatures of 100 or 200° for 
annealing in this way, there is a wider range 
than this selected by different fabricators of 
the same metal as the preferred temperatures 
For example, after a year’s operations on 
annealing sterling silver, one firm decided to 
standardize on 1225° F. as preferred tempera- 
ture, though it had started with 1325° F. One of 
its competitors prefers 1350° F., while still an- 
other thinks 1175° F. is the maximum anneal- 
ing heat for this metal, all bought from the 
same brass mill to the same specification. 

The above operations can be carried out in 
a salt bath with melting point of 1000° F., and 
this is the approximate melting point of th. 
baths ordinarily used for annealing, hardening 
or casehardening work. Such baths are com- 
mercially supplied as dry, fused mixtures of 
the several ingredients in proper proportions to 
give a minimum melting point with proper sta- 
bility, fluidity and working range. Baths used 
for case hardening of steel require periodic ad- 
ditions of carbonaceous and nitrogenous salts 
to replace the material lost in operating. Baths 
for steel hardening preferably contain boron 
compounds that dissolve oxide, thus preventing 
any decarburizing or pitting of the metal being 
hardened. Such baths are more efficient as a 
heating medium as well as more stable than 
baths in which oxide particles do not dissolve. 
and form a film which closely adheres to |) 
hot metal when withdrawn. This protect: 
film prevents oxidation during transfer from 
the heating to the quenching operation. 

Baths of special compositions are useful «! 
lower temperatures, as for tempering steel, ha! 
treating aluminum alloys or heat treating s 
cial alloy steels. Steel tempering baths \ 
melting points as low as 272° F. consist of n 
tures of the non-hygroscopic salts, sodii™ 
nitrite and potassium nitrate. They are st: 
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TIME and distance may prevent your being there in per- 
son. But you can always be there by telephone, with a 
warm and friendly greeting. For across the miles your 
voice is you! 

It’s easy to do and it can mean so much. A few words 
—thoughtful, kindly, reassuring—may gladden a day 
or a life. Somewhere today—perhaps this hour 


—some one is wishing you'd call. B 
BELL TELEPHONE SYSTEM 
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up to 1200) F. and are used around 950° F, for 
the heat treatment of the aluminum alloys used 
in the airplane industry. 

Heat can be exchanged between metal and 
baths to arrange very eflicient recuperation, 
Where graded hardening or interrupted quench- 
ing is desired (as to avoid hardening cracks) 
baths at the quenching temperatures of 300 to 
TOO 


quenching so that the heat removed from the 


can be used for both preheating and 


high temperature furnace is returned to it: in 
great part. The sequence of operations with a 
chromium ball bearing steel is as follows: Pre- 
heating at 650) F.; hardening at 15507 F.; 
quench in the preheating bath at 650° F. before 
dipping in cold oil. Such a practice can be 
applied also to the patenting of rope wire or 
steel rods for cold heading, in which case the 
temperatures are about 13507 F. and 675  F. in 
With units heat- 
ing tons of metal per hour, the recuperated heat 


the high and low heat baths. 


can amount to over one-third of the direct heat- 
ing cost. If three or four steps are practical, 
as in annealing stainless steel, even greater 
economy can be attained by these methods. 

There is another reason why such furnaces 
are so economical, when compared with the 
cost of fuel-fired pots. One reason is that only 
the metal to be annealed has to be heated 
heavy pots or furnace chambers do not have 
to be heated and cooled with each load. Very 
short cycles are also efficient, eliminating the 
furnace stand-by losses. But the real reason 
that this tvpe of heating is economical is that 
few fuel-fired furnaces turn more than 10° of 
the heat units in the fuel into useful work; if 
the current is generated in a power plant, as 
much as 25°. of the B.t.u. may be converted into 
electrical energy. Of the electricity delivered 
to the furnace, 95°. is converted into heat and 
practically all of this can be delivered to the 
work being annealed. 

Some collateral advantages are noted in 
such operations as casehardening and heat 
treating of aluminum alloys. If any scale or 
sludge accumulates at the bottom the heat trans- 
fer is not seriously affected (as in a fuel-fired 
setting); in fact, it may even increase the in- 
sulation. When applied to stainless steel the 
preservation of the surface from any oxidation 
during annealing or hardening improves. the 
stainless qualities. It is also a convenience in 
getting a high heat with suflicient storage so 
that the cold load does not cool down the 
furnace greatly. 


Internal heating is preferable for ca: 
hardening baths because of its ability to hea 
up rapidly and its high thermal efficiency. The 
input of current can be arranged to recover 
temperature as rapidly as desired, there being 
no lag from heat having to penetrate through 
the scaled metal walls and accumulation of 
sludge, oxides or other non-metallic particles 
sticking to the sides of the pot. 


NEw COMBINATIONS OF SALTS 


These considerations also made it clear 
that some bath materials that previously had 
been avoided could be used in this type of fur- 
nace. Thus the cheaper, though less stable cal- 
cium salts and the nitrites had been avoided 
because they deposited sediments too freely. 
Sometimes these salts had other benefits such 
as that of lowering the melting point. Thus it 
was found that a lower melting point bath was 
preferred for annealing sterling silver to the 
one used for the nickel and copper alloys. 
When this lower melting bath was tried in a 
fuel-fired furnace, it was a failure because of 
the deterioration of the bath, the burning out of 
the pot and the deleterious effect on the silver 
of the deteriorated salts. These effects did not 
develop at all in the internally electrically 
heated furnace; silver annealing on a produc- 
tion basis has been very successful and eco- 
nomical, This also was the case with other 
precious metal annealing, particularly that con- 
nected with gold plating work. 

The possibilities of this type of furnace 
may best be appraised by some typical instal- 
lations: 

A wire annealing furnace with pot 6 ft 
long by 4 ft. wide by 4 ft. deep and 200 kw. 
rating handles a ton an hour of fine wire or 
rods supported on yokes in charges of 300 to 
900 Ib. and ceveles of 10 to 20 min. This short 
evele results in uniformity and good physica! 
properties, and is enthusiastically appreciated 
by wire manufacturers. A smaller furnace ot! 
25 kw. rating with pot 3 ft. long by 18 in. wid 
by 18 in. deep is used at temperatures of L000 
F. to 1800° F. for annealing gold, brass, nickel, 
heat treating aluminum alloys and tempering 
alloy steels from 275 to 1200° F. The short 
cvcles for these operations are almost unbeliey- 
able to the technician and quite unbelievable to 
the practical old-timer. Some of the non-fer- 
rous alloys handled in coils are in the bath only 
a few seconds for process annealing. 
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Micromax Recorder of 100 U ses—Mechanism swung out of its case 


... THE FIRST CONSIDERATION 


Parts are strong machine types, unique in the instrument art. The materials of which they 


are constructed have been chosen as a result of exhaustive tests in actual service. Many are 
heat-treated . .. in Hump-Vapocarb Furnaces. Factors of safety in all are large. Reliability 


is the first consideration. 


LEEDS & NORTHRUP COMPANY 
4927 STENTON AVENUE PHILADELPHIA, PA. 


MEASURING INSTRUMENTS + TELEMETERS - AUTOMATIC CONTROLS - HEAT-TREATING FURNACES 
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Pa HOLDEN LIGHT CASE 
4 4 CARBURIZER FROM ZERO TO .005” 


There.is a reason. They are developed 
CASE 


We are not discussing the improved 


products not copies. 


Heat'treating resulfobtained with Hol. 
! den Light Case: Absence of distort 
‘ safety to operators resulting from no 


‘fumes, shortenedtime cycle or better 


hardness: 

BUT... 
DOLLARS YOU CAN SAVE 

Write or wire for a HOLDEN Eng F 

to call on you at our expense. and 
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YOU CAN SAVE WITH. 


HOLDEN LIGHT CASE 


you pay— 
15¢ 


17¢ - 
20¢ 


or more per 
ud of bath purchased 


this net cost per pound of 
steel and then let a HOLDEN Engineer tell you why and 


COMPANY 


_ NEW HAVEN, CONNECTICUT 
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@ These automotive brake pistons have to be right 


two ways strong and accurate, so they Il work when 
theyre needed vet low in cost. to fit the remarkable 


economy of automobile production. 

To meet requirements so rigid, die castings of Aleoa 
Aluminum are a logieal choice. The process is funda- 
mentally economical for quantity production, because 
finishing cost is reduced to a minimum. Close tolerances 
eut the amount of machining required. Lugs, bosses, 
identification marks, and special contours may be cast 
integral, simplifying assembly. An excellent surface is 
obtained. High physical characteristics peculiar to 


die-casting result’ from the quick chilling and even 


grain of the metal. Dimensions of Aluminum die cast- 
ings are permanent, there is no “growth.” 

Can these typical characteristics of Aleoa Aluminum 
die castings save you money? Analyse your product. 
looking particularly for parts that move and should lx 
light. for parts that must conduct heat, for parts tha! 
are subject to corrosion. There are several special alloy - 
of Aleoa Aluminum to fit requirements for variou- 
physical properties in die castings, end our casting 
facilities make volume production under close super- 
vision available at reasonable cost. Write for com 
plete information, ALUMINUM COMPANY OF AMERIC\ 


2101 Gulf Building. Pittsburgh, Pennsylvania. 


LCOA 
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@ Right now an ordinary dry-cell is working for you, 
ina bell, a buzzer, an instrument, an emergency light 

any one of a thousand applications around your 
home, your shop. your office. 

Twins of that dry-cell are working equally well, at 
~erious jobs, at the far ends of the earth. In the Ant- 
arctic, at outposts nearest the North Pole. in’ the 
steaming tropics, in the salty mists of the high seas, 
in the remote orient, thes do their jobs well. 

Under those varied conditions you'll find EVEREADY 
cells, with the all-important binding-posts fitted with 
bright little kKnurls made of Aleoa Aluminum. Aluminum 
knurls stay bright, clean, attractive, and workable. 
Widely differing conditions do not impair their value 


because Aluminum resists corrosion. 


MACHINE STOCK 


Aleoa Aluminum Free-Cutting Serew \Miachine stock 
is the big news of the automatic machine industry. Try 
it. if you need low cost, or resistance to corrosion, ot 
lightness. or attractive appearance, These advantages 
cost nothing extra. The bright finish on these knourls 
indicates that chip sizes are small, that no long turning- 
foul tools or hamper production, The stock is really 
free-cutting: tool speed is high and tool wear is decreased, 

Material cost is surprisingly low, because Aluminum 
stock weighs only one-third as much. hence gives three 
times the parts per pound. 

Ask us for samples, so you can see what Aleoa 
\luminum Free Cutting stock will do for you. There 
is no obligation, ALUMINUM COMPANY OF (AMERTIO,, 


2101 Gulf Building. Pittsburgh. Pennsylvania. 
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THE ELECTRO ALLOYS CoO. 
ELYRIA, OHIO 
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TEMPERATURE MASTER 


Lindberg 
FCLONnE 


Tomperng FUINACE 


Throttling 
CONTROL 


This latest Lindberg development—the 
Throttling Control—gives complete mastery 
over the operation of gas-fired furnaces. 
How it “‘straightens out the temperature 
line’’ and maintains an amazingly close 
balance between heat input and demand, 


| During the past two years, tempering has 
is graphically told by this record chart, reg- 9 > il 

t 

| 

| 

| 


| advanced to new standards set by Cyclone 
he | Furnaces. Difficult tempering problems, in- 
¢ 1000 1 volving dense loading, high production re- 
quirements, and close hardness specifica- 
tions, are being solved with surprising ease, 
T and operating costs substantially reduced. 
| Manufacturers in every industry are now 
insisting upon these improved results in 
} their tempering operations. To meet these 
demands, Cyclone Furnaces are built in a 
| full range of types and sizes up to 40,000 
; pounds capacity, including: 


istering the performance of a Cyclone 
Furnace in actual production. 


Super-sensitive, self-adjusting, instantaneous 
and positive in action throughout the entire 
temperature range, from closed to full open 
position, this automatic unit assures new 
efficiency and precision for batch furnaces 
and other applications which call for wide 
swings of heat input. Bulletin sent on 
request. 


Gas Fired Cyclone Furnace equipped 
with Throttling Control 


Mi T Electrically Heated Cyclone Furnace 


sve with’ Lindberg Control 
| 


With either gas or electric heat, you can obtain equal efficiency in production, 
perfect temperature uniformity, and completely automatic temperature control, 


Lindberg Co. 


221 UNION PARK COURT CHICAGO, ILLINOIS 
Offices in Principal Cities. Canada: Williams & Wilson, Ltd. 
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NNOUNCEMENT of General Electric's new space- 
saving 200,000-volt x-ray unit for radiographic 


examination of castings and welds makes avail- 
able to the metal industries a powerful and dependa- 
ble new inspection tool. 

With the entire high-voltage system, including 
tube and transformers, completely oil-immersed in a 
grounded metal tube-head, the unit is 100 per cent 
electrically safe, and is x-ray protected. Utilizing a 
new type Coolidge tube with small focal spot, it can 
be depended upon for consistently fine radiographic 
results—records that will tell you what you want to 
know about the casting or weld inspected. 

Small in size, as compared to other units of sim- 
ilar power, it is truly a space saver—requiring a room 
as small as eight feet square to give your operator 
plenty of working room and greatly reducing the cost 
of space and space preparation for x-ray inspection 


New G-E Industrial X-Ray Unit read) 

for radtographing the casting shown on 

small wooden bench set between the sup- 
porting uprights. 


facilities required in the modern plant. A handsome, 
business-like control stand which carries all the instru- 
ments necessary to the operation of the apparatus may 
be mounted on the outside wall of the x-ray room, 
providing further economies in space requirements 

And it is inexpensive—economical enough to put 
x-ray facilities within the financial reach of every pro- 
gressive metal-working plant, fine enough to bear the 
G-E monogram. Write to Dept. I 310, General Elec- 
tric X-Ray Corporation, 2012 Jackson Blvd., Chicago, 
Illinois, for full information. 


GENERAL ELECTRIC 


X-RAY CORPORATION 
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COORDINATION 


® Yo-heave-ho! Perfect coordination 
of all hands on deck, the mainsail 
goes up, and we’ re off in a spanking 
breeze! ...In steel making, it’s the 
coordination of metallurgical factors 
during the melting of a heat that 
gives the steel a perfect start. Im- 
portant among these metallurgical 
factors are the right ferro-alloys and 
their addition to the heat in correct 
amounts under the most suitable 
operating conditions. 

Since 1906 Electromet has made 
the right ferro-alloys. Electromet 


Metallurgists, with years of practical 
experience in steelmaking, can help 
you use them properly to make bet- 
ter steel. This assistance is part of 
Electromet Service which is avail- 
able without obligation. 


ELECTRO METALLURGICAL COMPANY 


Unit of Union Carbide and Carbon Corporation 


Carbide and Carbon Bidg., 30 E. 42nd St., New York, N. Y 


‘Electromet 


Ferro-Alloys & Metals 


December, 1936; Page 11 


| 
4 
| 
a 


New book illustrates many 


typical Michiana Alloy Cast- 
ings. Write for a copy. 


L. H. WHITESIDE and 
LLOYD J. BOHAN 
80 E. Jackson Bivd., Chicago, Ill. 


nt and 


Consulting a specialist is the quickest, most 
economical way to solve a problem new to you. 

Michiana is prepared for your problem 
in the use of Heat-Resistant and Stainless 
Steel Castings by 18 years of specialization. 
Your problem is no longer new at Michiana. 
The determining factors are quickly seen by 


Michiana Metallurgists; and they know from 


experience what to do, saving time and 
costly experiment on your own port, and 
assuring satisfactory performance. 

A surprising percentage of Michiana 
customers are leaders in their fields; their 
leadership has made them value time and 
the certainty of satisfactory performance. 


Investigate what Michicna can offer you. 


CORP., Michigan Cit 


PAUL S. MENOUGH 
Chamber of Commerce Bidg. 
Pittsburgh, Pa. 


E. E. WHITESIDE 
1219 St. Clair Ave. 
Cleveland, Ohio 


Cc. M. CONNER 
1701 Arch Street 
Philadelphia, Pa. 


T. G. FRAZEE 
Petroleum Bldg. 
Houston, Texas 


HARRY C. ARMIN Cc. Q. SWENSON 
754 East 23rd St. 


Brooklyn, N. Y. Detroit, Mich. 


JOHN R. GEARHART 
600 Fallon St. 
Oakland, Collif. 
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BABCOCK & WILCOX INSULATING FIREBRICK 


DOUBLE PRODUCTION 
REDUCE STS 
MORE 


~ ~ 
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MILLS NOVELTY CO. 
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4 COMPARATIVE OPERATING DATA ON at» Savings as substantial as these may be 
OVEN.TYPE HEAT-TREATING AND CARBURIZING FURNACE “Felfected in your induswial furnece 
Chicago, Mlinois operating costs.. simply by replacing 
te. | tons firebrick or heavy insulating firebrick 
Fuel: Gas having value of constructions with B& W Insulating Fire- 
brick. 
These insulating firebrick have the ee: 
lowest heat storage and the highest ther- nk 
mal efficiency consistent with the refrac- 
required to toriness requisite to stabilit 
temperet y in service 
Fuel required to and long life 
operating temperature. 79. Write for a new fully-illustrated 
Time required toc -. bocklet containing a valuable table of _ 
- heat flows and heat storage capacities 


BABCOCK & WILCOX 


85 LIBERTY STREET . . . NEW YORK 
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FEATURES 
THAT MEAN 
SAVINGS FOR 


with a FoxBorRO Pyrometer 


Dependability in the extreme sense of 
the word is what you get in every 
Foxboro Potentiometer Pyrometer. 
Every record is a true picture of tem- 
perature at the exact time it existed. 
You get rapid response to thermo- 
couple temperature changes. 

The enduring accuracy and sensitivity 
is assured by a movement 
that is both mechanically 
and electrically simple. 


You get a lasting accuracy of 4 of 1% of 
scale range and a clear 12-inch wide 
chart record. A complete line is yours, 
from which to choose the range and type 
of record ideal for your specific service. 

Bulletin 190-1 describes this line in 
detail. Write for a copy. 


THE FOXBORO COMPANY 


52 Neponset Avenue 
Foxboro, Mass., U.S.A. 


Branches in 25 Principal Cities 


ACCURACY RESPONSE 
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MILO STEEL BEAM 


Drawings and data from Edward G. Budd Manufacturing Company's “The Conquest of Weight” 


HOW BUDD REDUCES WEIGHT WITH 
U-S*S STAINLESS STEEL 


“ROM COLD-ROLLED COILS to FINISHED TRAIN The trusses are packed with highly efficient insulation; stain- 

. the stronger, lighter construction of Budd's famous less steel siding is attached onto the small tabs; and presto! 
stream-lined stainless steel trains is as plain as A,B,C! Coils the car (D) is structurally complete. Since there are no 
of cold-rolled stainless steel strip (A) are quickly drawn rivet holes (the small marks which look like rivets are actu- 
through three pairs of rolling dies (B), emerge as angles, ally ‘‘Shotwelds’’), and since it is known in advance that 
channels, ‘‘Z'’ sections, etc., which are then neatly ‘‘Shot- there can be no loss of metal by corrosion, the full strength of 
welded’’ into light-weight trusses (C) of tremendous strength. the stainless steel can be used, every needless pound eliminated. 


U'S'S STAINLESS STEEL 


AMERICAN STEEL & WIRE COMPANY «+ Chicago and New York 
CARNEGIE-ILLINOIS STEEL CORPORATION ~~ Pittsburgh and Chicage 
NATIONAL TUBE COMPANY + Pittsburgh 


Columbia Steel Company, San Francisco, Pacific Coast Distributors United States Stee! Products Company, New York, Expert Distributers 


UNITED STATES STEEL 
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| the engineer knows advance that be no 
loss of metal by corrosion, he is free to use thin members of 
| Stainless Steel extending further from the neutral axis. The 
resulta greater moment of inertia per unit area and light-— 
| ~ weight closed section of tremendous strength. Although the 
allowable maximum fiber stress is in the ratio of 4-to-1, these 
efficient ccctions meke possible strength-weight ratios of 
4 fasion are essential to this modern light-weight design... and 
Stainless Steel has them both, 
~ 


* 


a Great effort goes into the design of a steel 
part, into experimental work and into planning 
its production before manufacture actually be- 
gins. Then, the steel that has been specified 
must make good—must be right up to all qual- 
ity requirements and respond properly to ma- 


chining and heat treating processes. 


Union Cold Drawn Steels are faithful to 
specifications because they are made under 
scientific control by the most modern steel fin- 
ishing practice and carefully inspected. You 
can rely upon them to supply the qualities and 


economies you require. 


UNION DRAWN STEEL CO. 


MASSILLON, OHIO 
A SUBSIDIARY OF REPUBLIC STEEL CORP. 


STEEL 
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Money saved on every one of these jobs 
by faster cutting — cleaner machining 
Carpenter Stainless! The special non- 
galling and non-seizing properties of 
this Free Machining Stainless Steel 
keep the chips from sticking to the 
tools. Clean machining also means 
lower finishing costs. Are you saving 
all that you can on Stainless parts? 
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aner Machinin 


Stainless 


When the nose of the tool bites into a bar of 
Carpenter Stainless you can almost “feel” the 
difference. The chips fall cleaner and faster 
and the finish is finer and smoother. The 
easier cutting means less heat, longer tool 
life, increased output, lower Stainless costs. 


With Carpenter Stainless No. 5—a 14% 
chrome iron—you can give your product all 
the advantages of Stainless Steel with the 
machining economy of ordinary screw stock. 


For those parts that demand maximum cor- 
rosion resistance—Carpenter Stainless No. 8 
—an 18-8 chrome nickel steel—holds down 
machining costs. Selenium, a recent Carpenter 


Licensee of Chemical Foundation, Inc. 


development, makes this tough steel freely 
machineable at 60% to 70% of the speed of 
ordinary screw stock. 


And in actual service, these Carpenter Stain- 
less Steels work more freely on metal-to-metal 
contacts and are less likely to scratch or gall. 


If you are using Stainless Bar stock—find out 
how much easier you can do the job with 
Carpenter Free Machining Stainless Steel. 
And if you have stayed away from Stainless 
because of cost or working difficulties — 
remember Carpenter Stainless has licked many 
an “impossible” job. Try it! 

The Carpenter Steel Company, Reading, Pa. 


Carpenter Stainless Steel is sup- 
plied to meet U. S. Navy, Aero- 


nautical and Army specifications. 
Just tell us what specifications you 


have to meet. 


FREE TO MANUFACTURERS IN U. S$. A. 


THE CARPENTER STEEL COMPANY 
133 EAST BERN ST., READING, PA. 


Please send me your Free Illustrated Book, “ Working Data 


and Technical Facts on Carpenter Stainless Steels.” 


Nome—— Title 
FIRM NAME MUST BE GIVEN 


Address____ 
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Heat Treat with Gas 


CONTROLLED LUMINOUS FLAME BURNER 
FOR MORE UNIFORM HEATING 


The above illustration shows North American Luminous 
Flame Gas Burners controlled by a North American Ad- 


ean justable Port Proportioning Valve. 


North American Valves are suitable for control by any 
make of Control Motor or Air Top. : 


North American 


THE NORTH AMERICAN MANUFACTURING CO. ¢ CLEVELAND, O. 


Manufacturers of Combustion Equipment 
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DIE BLOCKS ... SHEAR KNIVES ... HAMMER RAMS... PISTON RODS... TINNING AND GALVANIZING ROLLS ...GELLERT TORGS 
LOCOMOTIVE AXLES, PINS AND RODS ....E. 1. S. AND ©. H. ALLOY STEELS .... CARBON AND ALLOY FORGINGS 


PITTSBURGE... BRIDGEPORT... DETRO 


and Heat Treated for Wear-Resistance and Toughn 


ANALYSIS 
WARDNESS 
Size 

FINISH 


A 10-inch Gear Rim of Heppenstall Alloy Steel, Ring-forge 
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efficiency... 
the keynote of this new inhibitor. 


Houghton now introduces a new inhibitor based on the acknowl- 
edged principle of setting up an electrolytic insulating film 
where steel is attempting to dissolve, yet at the same time 
having no retarding effect on the solution of the scale. 


ACITROL 100 is a pure chemical powder inhibitor, that leaves 
the steel with a clear, bright finish and will resist heat and 
time exposures. 


ACITROL 100 has an initial strength that is far above the av- 
erage and due to its lasting efficiency, at all pickling ranges, 
is the most economical inhibitor to use per ton of steel. 


For full data on Acitrol 100, write E. F. HOUGHTON & CO., 
240 W. Somerset St., Philadelphia, Pa. 


HOUGHTON’S 


ACITROL 100 


Write for the new booklet describing the Houghton Line of Metal Working Products 
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Reapine the boxes that 


shipping room in one day is like taking a trip around 


tags on the go out of our 


the world. Hundreds of export shipments of ~ Carbo- 
Aifrax.” “Mullfrax.” ~ 
refractory products are constantly being sent to all 
parts of the globe. 

This world-wide demand for ~ 
proves their high quality. It has helped the refractory 


division of The Carborundum Company to become the 


frax.” “ Monofrax.” and “Firefrax” 


-frax” super-refractories 


largest organization in the world devoted exclusively 


to the production of super-refractories. 


This growth was achieved by concentration on one 
single idea... to develop the right refractory for each 


particular application which was encountered. The ex- 


perience and knowledge vained throughout the vears 


are at vour command. We are ready to assist in the solu- 
tion of any problems in your plant having to do with 
refractories. Our Refractory Engineering Department 


will weleome vour inquiries. 


“CARBOFRAX” 
“ALFRAX” “MULLFRAX” “MONOFRAX” “FIREFRAX" 


The famed *‘-frax”’ line of super-refractories 


THE CARP Division, PERTH AMBOY, NEW JERSEY 


Distriet Sale KBranche-: Boston, Chicage, eland, Detron, Phi phia, Pitt-burgh ents: Met ale bngi g Cory Bure 4 ‘ C heiety 
Low Harrivon & alt Lake ¢ Utah: Pacific Abrasive ‘ Los Angeles, San Francisco: Denver Fireclaw Pil Texa 
Alfrax, Mullfrax, Monofrax, Firefrax and Carborundum are registers k i? 
‘ > or 
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what You think 


I HAT sounds a bit smart-aleck, but of 
course we don’t mean it that way. We just 
want to raise a question in your mind— 


If you have checked your thermocouple 
and meter and found them correct—it's 
easy to think that your temperature reading 
is O.K., too. In fact, however, your leads 
may be a source of considerable error..... 
Sometimes “compensating leads” are used : 
with Chromel-Alumel Couples. Where 
these two join in the couple-connector, they 
form two thermo-electric junctions, which 
are supposed to create equal and opposite 
E.M.F.’s that cancel each other. They prac- 
tically do cancel at low temperatures. But 
as the thermocouple handle gets hot, (and 
often it does get very hot), a serious error is 
likely to be introduced .... Companies hav- 
ing large installations more and more rec- 
ognize this, and are installing Chromel- 
Alumel Leads for their Chromel-Alumel 
Couples. Thus, leads and couple are of 
the same materials, and the above chance 
of error is eliminated. 


* * 


For a technical presentation of this subject. 
send for Folder-GP, which you'll find easily 
understandable . . . Hoskins Manufactur- 
ing Co., Detroit, Michigan. 


CHROMEL-ALUMEL 


LEADS AND COUPLES 
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1937 PACKARD TWELVE 


The advanced 1937 Packard Twelve—one of the world’s 
leading aulomobiles —is mechanically far ahead of 
any car that baw ever borne that distinguished 


The Packard Motor Car Com- 

pany has adopted TOCCO-hard- 

ened crankshafts for the engines of its finesi 
1937 cars—the Packard Twelve and the Pack- 
ard Super-Eight. These new, deluxe cars, 
listing at the factory from $2,335 to $3,420 and 
up, represent the last word in Packard's expe- 
rienced engineering—the best cars that money 
can buy! In them nothing has been overlooked 
which will help give “the Man Who Owns 
One” a superlative measure of luxurious 
transportation, long, trouble-free engine life 


name. lis V-12 engine, like the new 1937 Packerd 
Super-Eight, has a TOCCO-hardened crankshaft —a 
superlative endorsement of the TOCCO PROCESS. 


and economical service. Packard engineers 
say that the TOCCO-hardened crankshafts 
in these fine passenger-car engines will 
give Packard owners not only longer-lived 
bearings but more efficient operation and 
lower oil and other maintenance costs. Un- 
doubtedly Packard, which has pioneered so 
many engineering advances, is but the first 
of a long list of passenger-car manufacturers 
who by adopting TOCCO-hardened crank- 
shafts will give their owners improved en- 
gines, smoother power and lowered costs. 


A MASTER 
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Tue TOCCO PROCESS of surface-harden- 
ing by electrical induction produces an exact 
Bae result. Shafts can now be hardened quickly 
‘ a at small cost, and at the bearing points only 
a —to 58-60 ‘C’” scale Rockwell hardness (600 
Brinell). This permits harder bearing metals 
and longer-lived engines. While the first 


"TOCCO-HARDENED CRAN 
TO SAVE ENGINE USERS \ 


Metallurgistsandengineers~ 
the commercial TOCCO-ha: 
crankshafis atthe recent Clev: 
Show estimated that the ado, 
process by engine mapufaci: 
mean the saving of millions: 
the Operators ofirucks, buses, 
and indusizial machinery ani 
cars. These savings,they said 
first, from lower cost of man 
through the elimination ofexpe 
Steels and the culfing 
lime as well as heatheating 


expense and, second, from 
econoniesin mainienanceexp« 
ou consumpfion and far longe 
ofwnifiterrupted service. 
wdening equipmen: e! the Bieta) 


application of the TOCCO PROC. 
ESS to be worked out and per- 
fected for industrial use has been 
the hardening of crankshafts at the bearing 
surfaces, many manufacturers have com- 
pleted tests and are about to adopt the proc- 
ess in hardening other important parts such 
as axle shafts, cam shafts, front wheel spin- 
dles, steering gear Pitman arm shafts, etc. 
Other applications are being developed. 


AMERICA’S: FOREMOST MOTOR ENGINE 
MANU! ACT 


RERS 


4 


The TOCCO PROCESS saves money for both 
the engine manufacturer and the engine 
operator. It has already been adopted by 
such leading manufacturers as the Autocar 
Company, the Cummins Engine Company, 
the General Motors Corporation, the Her- 
cules Motors Corporation, the International 


Harvester Company, the Packard Motor Car 
Company, the Waukesha Motor Company, 
the White Motor Company and many others. 
Purchasers and operators of engines Or 
equipment made by these outstanding com- 
panies may safely anticipate important sav- 
ings in maintenance and operating costs. 


| 

| 

RANKSHAFT CO eland, Oh. 
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LEARN FACTS 


about this outstanding 
development in the art 
of welding = « » Learn how you can insure 


maximum welding speed and highest weld quality for every job 


ment which 
ves any type of 
to suit the job. 


CURRENT CONTROL 
A continuous adjust 
ment which varies the arc 

to suit the job. 


. how you can get these results by a twist of the wrist—as 


simply as tuning in a radio. 


A book, replete with illustrations, has been carefully compiled to 


give you the facts you should know to be abreast of this welding : fre f 2. ENG 4 


advancement. By all means YOU SHOULD HAVE THIS BOOK! 
and 31 other fearures 
of the New “Shield- 
Are SAE” Welder. 
MAIL THE 
OGUPON TODAY 


The coupon will bring you a free copy without delay. THE 


LINCOLN ELECTRIC COMPANY, Dept. MM-323, Cleveland, Ohio. 
Largest Manufacturers of Arc Welding Equipment in the World. 


* 


J (Gen 


THE LINCOLN ELECTRIC Co. 
H | E L D Dept. MM-323, Cleveland, Ohio 
a6 Please send a copy of the new publication, ' 
- the Ne w Lincoln Welde J 4 “The New Arc Welding Tex 
Position 
Company 
Address 
Protectinal Motor ! 
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Unuformty _..PROTECTED BY HOMO TEMPERING 


Because the physical qualities of set-screws must be rather exactly balanced, precise tem- 
pering is vital. Enough draw must be conceded to prevent breakage, yet enough strength 


retained to foil the husky who slips a pipe over his set-wrench handle. 


The Mac-it Parts Company finds that Homo forced-convection tempering gives the uni- 
form, controlled heat that solves this tempering problem. ‘They pre-determine both temper- 
ature and time of draw, and set the Recording Controller so that tempering is automatically 
done just as they want it. Skill and experience are concentrated on deciding what tempera- 
tures are needed—rather than on watching the furnace to make it hold them. And the Homo 
record of each batch helps the heat-treater apply his experience to best advantage on succeed- 
ing batches. As a result, tempering is a solved problem in this plant. Other plants can enjoy 


the same advantages; details on request. 


J-625B(3) 


LEEDS & NORTHRUP COMPANY 
4927 STENTON AVENUE PHILADELPHIA, PA, 


MEASURING INSTRUMENTS * TELEMETERS + AUTOMATIC CONTROLS * HEAT-TREATING FURNACES 


Metal Progress; Page 26 


6 

“at 


Oxy-Acetylene Machine Cutting 


msures Design Freedom 


ODERN improved automatic 

machines developed by Linde 
make oxy-acetylene cutting a true 
production process. They make pos- 
sible greater freedom in the design 
of metal parts. Complex shapes can 
be cut from steel easily, quickly, eco- 
nomically, and accurately. In many 
instances the cut surface, of machine- 
like smoothness, can be used without 
further finishing. 


Shaping this machine frame is accomplished 
simply and with precision by the CM-14. 


The Oxweld CM-14 Cutting Ma- 
chine, illustrated, is unique in its cut- 
ting range. Its capacity is 100 inches 
in width and 144 inches in length. 
The latter can be indefinitely ex- 
tended in 6-foot units. Cutting speeds 
range from 3 inches to 27 inches 
per minute. The blowpipe can be 
vertically and angularly adjusted. 


This beveled cut was made by a simple adjustment of the blowpipe at the desired angle. 


Precision engineering and rigid 
construction make this machine an 
accurate production tool for cut- 
ting irregular shapes, straight lines, 
rings, circles, bevels, and in fact, 
any shape. Any desired thickness 
of steel up to 20 inches can be cut 
with the standard blowpipe. 
Greater thicknesses can be cut with 
special blowpipes. 

Linde can help you determine 
what oxy-acetylene machine cutting 
can do in your plant and which ma- 


chine is best for your specific pur- 
pose. Ask to have a representative 
call. He will bring to you the 
knowledge and experience gained 
by Linde in pioneering the oxy- 
acetylene process, and in servicing 
the welding and cutting needs of 
over 100,000 users of Linde prod- 
ucts ... Address the Linde office 
near you. The Linde Air Products 
Company, Unit of Union Carbide 
and Carbon Corporation, New 
York and principal cities, 


Everything for Oxy-Acetylene Welding and Cutting 


LINDE OXYGEN « PREST-O-LITE ACETYLENE « OXWELD APPARATUS AND SUPPLIES FROM 1 
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Problems Like This 


the Spencer Turbo-Compressor on the unit. _busineslike but often enable entire depart 


small size, freedom Spencer Vacuum Cleaning Systems 


SPENCER 


MIDGET e SINGLE-STAGE MULTI- 
HARTFORD 35 to 20,000 cu. ft. © % to 3OOHP. © Boz. to 5S ibs. 


THE SPENCER TURBINE COMPANY, HARTFORD, CONN. 


S-75 
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SIMPLICITY 
REVOLUTIONIZES 
CONTROL INSTRUMENTS 


With so vastly different a principle and advanced degree of 
constant maintenance-free performance and accuracy, the 
Wheelco CAPACITROL has completely astounded industry 
and bewildered competition. The reasons are remarkably 
simple. 


@ Extreme simplicity of operating design dictates a new low 
in initial control instrument cost — with an advanced stend- 
ard of performance. 

@ The complete absence of cams, gears, motors and other 
moving and easily wearing parts assures a constant un- 
varying accuracy in control — unknown in the past. 

@ The Radio Principle is absolutely void of direct con- 
tacts and therefore will not stick or otherwise cause pro- 
duction delays and costly damage to furnace or load. 

@ CAPACITROL incorporates the same minute selectivity 
found in the modern radio sets and is dependably oper- 
ated with the same ease. 


CAPACITROL’S Radio Principle betters the standard of 
performance of that of the highest priced instrument on the 
market. Further information and engineering data will be 
furnished promptly upon request. 


RADIO PRINCIPLE SIMPLICITY 


A current of given wave lenath fows between the 


two co A’’ shown in the ac npanying illu 
stration (which are attached to and move with 
temperature limit set pointer Flag which 


iS 4 part of heat nd cator enters oetwee 

causing a sharp drop in their inductar 

chanaing the wave lenath of a Radio Tut 


r which operates 4 relay 


4 
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The Lindberg Steel Treating Company, of Chicago, started to use “ROCKWELL” 
Hardness Testers in February, 1925. They have been using them ever since — 
more and more of them, and later and later models. They have kept their equip- 
ment right up to date by adding to their other “ROCK WELLS” a“*ROCK WELL” 
Superficial Hardness Tester for nitrided and lightly carburized steel and for such 
tool and alloy steel parts as permit only the minutest possible indentation in testing. 


They very kindly sent us this photograph which they took to show the machines 
in operation at their plant. 


WILSON 


MECHANICAL INSTRUMENT CO.. INC. 379 CONCORD AVE., NEW YORK, N. Y. 
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MOLY steel’s greater strength means less weight— easier handling 


WHEN operating equipment has to be handled by 
man-power, the importance of light weight through 
the use of the strongest possible material comes home 
with telling effect. Logging blocks, for example. Ask 
any rigger what a back-breaking job it is to tote them 
aloft. Think, too, of the abuse they get. . . . Dropped 
from great heights, battered and banged around, 
exposed to weather — it's a hard life they lead. 

By making side frames and sheaves out of 2% 
Nickel-0.40 % Moly steel, the weight of logging blocks 
can be reduced one-third to one-half — without sac- 
rifice of strength. Similar foresight in the construction 


of other forms of industrial equipment can lead to cor- 
responding savings in time, labor, wear, depreciation. 

What do you make or use that would gain through 
lighter weight, higher strength, greater resistance to 
impact, abrasion, creep, corrosion? Look into Moly 
and its many-sided qualities for improving any steel 
or iron— whether plain or otherwise alloyed. Our 
helpful technical book, “Molybdenum,” goes into the 
subject at considerable length. Yours for the asking 
—as is also our periodical news-sheet. “The Moly 
Matrix.” If interested in some particular ferrous prob- 
lem, our laboratory facilities are at your disposal. 


CLIMAX MOLYBDENUM COMPANY, 500 FIFTH AVENUE, NEW YORK CITY 


PRODUCERS OF FERRO-MOLYBDENUM. CALCIUM MOLYBDATE AND MOLYBDENUM TRIOXIDE 


cUTS COSTS 


CREATES SALES 
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PERSONALS 


Gerald R. Brophy ©, formerly 
with General Electric Co., Sche- 
nectady, has joined the laboratory 
of International Nickel Co. at 
Bayonne, N. J. 


P. J. Graber @ has joined the 
sales department of Bethlehem 
Steel Co. 


John R. Houston @ has become 
associated with the metallurgical 
department, Chicago district, Car- 
negie-Ilinois Steel Corp. 


C. T. Williamsen &, who joined 
the sales department of Bantam 
Ball Bearing Co. last May, has 
now been made territorial repre- 
sentative in southern Indiana and 
southern Ohio for the Torrington 
Co., of which the Bantam Co. is a 
subsidiary. 


FOR THE TOUGHEST” METAL WORKING CONDITIONS 


Is Deep Drawing 


Of Stainless Steel 
* a Problem with You? 
IF SO, WIRE OR WRITE AT ONCE FOR 


FREE WORKING SAMPLE OF 


Stuarts 


EXTRA HEAVY DUTY 


DRAWING COMPOUND 


A thoroughly tested deep drawing lubricant widely recommended 
by leading makers of stainless steel, and in daily use by well 


known production plants. 


Stuart’s “SUPER-KOOL” sprayed or brushed on the stock 
prevents metallic seizure and allows proper slippage when angles 
are sharp and where pressures are extremely high. Containing no 
pigment its cleanability is an interesting factor to many plants. 


Address request for free sample to 
General Offices, 2727-2753 South Troy Street, Chicago 


CHICAGO 


D.A.STUART & CO. 


ESTABLISHED 1865 


Warehouses in Principal Industrial 
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Russell F. Marande @ has « 
cepted a position as metallurgis 
for the MeGean Chemical Co 
Cleveland. 


John A. Mathews, Jr. @ ha: 
been transferred from the Ney 
York to the New Haven brane! 
of Crucible Steel Co. of America 


Robert W. Simmons @ is em- 
ployed as a student engineer with 
the General Electric Co. at Sche- 
nectady. 


R. S. Cochran ©, formerly 
metallurgist for Surface Combus- 
tion Corp., is now superintendent 
of Magnetic Pigment Co. of Mon- 
mouth Junction, N. J. 


W. Glenn Heberling ©, previ- 
ously industrial engineer for Co- 
lumbia Steel Co., is now safety 
engineer for State Compensation 
Insurance Co., Los Angeles. 


Railway & Power Engineering 
Corp., Ltd., A. F. McLachlin 6, 
vice-president, has been appoint- 
ed exclusive distributors for Cru- 
cible Steel Co. of Canada. 


James T. Gow @ has joined the 
staff of Battelle Memorial Insti- 
tute, Columbus, Ohio. 


P. C. Badgley @ has been trans- 
ferred by the Leeds & Northrup 
Co, to open a new district office 
at Hartford, Conn. 


E. L. Knapp @ has taken a posi- 
tion with Bethlehem Steel Co., 
Lackawana mill, and will be 
located in Detroit. 


Paul S. Lane @ has been pro- 
moted va metallurgical research 
engineer by the Koppers Co. 


H. B. Wishart @ has finished 
his work at the Materials Testing 
Laboratory, University of Illinois, 
and has joined the metallurgical 
laboratory of  Carnegie-IIlinois 
Steel Corp., at Gary, Ind. 


W. M. Lindsey @, formerly 
chief of Washburn 
Wire Co., Phillipsdale, R. L, has 
been a chief metallurgist ol 
Carnegie-Illinois Steel Corp. 
South Works, Chicago. 
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AXLE SHAFT HARDENING 


using high grade 
steel and skilled work- 
men—the first essential in a qual- 
ity axle shaft produced at this great 
olant—is accurate temperature measurement 
lor the hardening treatments and positive control of 
‘unace operation. 

in the heat treatment of metals, Brown Potentiometer Pyrometers 

make possible an accuracy of 1/5 of 1% in temperature measurement 
and control. This accuracy is your guarantee that quality can be standardized 
and production costs can be reduced. 

The Brown Potentiometer offers you a pyrometer that not only has been designed for 
extreme accuracy, but it is the choice of exacting metallurgists who want dependability, 
uggedness and low maintenance. 

Brown Potentiometers and Minneapolis-Honeywell controls enable you to simplify 
processes—to increase uniformity, to eliminate re-treatments. They may be selected 
for any measurement and control problem regardless of size or complexity—for any 
type or size of furnace whether fired by oil, gas, or electricity—applicable to old 
or new furnaces. 

Upon request, catalogs fully describing Brown and Minneapolis-Honeywell Record- 
ng, Indicating, electric or air operated controllers will be sent you by writing The Brown 
instrument Company, a division of Minneapolis-Honeywell Regulator Co., Wayne 
Avenue, Philadelphia. Canadian Factory—117 Peter St., Toronto, Canada. Europeen 
iddress: N.V.N. Minneapolis-Honeywell Co. Wydesteeg 4, Amsterdem- C, Holland. 


The above Instrument Panel Board 
shows—4 single record, three con- 
tact, controllers and 2 multiple Re- 
cording Brown Potentiometer Py- 
rometers, that contro! axle shaft 
hardening temperatures at The 
Dodge plant of The Chrysler 
Corporation. 


NING a 
Roe” 
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POTENTIOMETER CONTROLLERS 
MINNEAPOLIS-HONEYWELL CONTROL SYSTEMS 
To Measure and Controlisto Economize 


PERSONALS 


Archibald Jones, Jr. @ is now 
employed by Oxweld Acetylene 
Co., Newark, N. J. 


Ernest R. Howard ©. mechan- 
ical engineer for H. A. Wilson Co., 
Newark, N. J., was married on 
Sept. 6 to Miss Clarion Leatart of 
Pasadena, Calif. 


Harold N. Jameson @ has been 
appointed chief metallurgist and 
superintendent of the heat treat- 
ing department of the National 
Erie Corp., Erie, Pa. 

R. H. Sonneborn been 
named assistant manager of sales, 
pipe division, Republic Steel 
Corp., Cleveland. 

Morris Asimow @ is now living 
in Chicago as metallurgist with 
Carnegie-Ilinois Steel Corp. 


Thousands and Thousands of Hours 


ROLLER-BEARING PLANT 


aitions 


‘Nichron e IStINGS Id 
‘Nichrome’ ysting 


thousands of hours of! 
3nd that means greater 
the neat-treate 1 proauct 


erating costs 


In this roller Oearing 
hours proved the e n 


/ 
rome 


Economy servi 

That the advan 

rome castings. 


Investigate Nichrome 
“Chromax.” and™Cimet.” 
the Driver-Harris allovs 


NICHROME 


DRIVER-HARRIS COMPANY —Harrison, N. J. 


Vetal Progress: Page 76 


Edward J. Hanley has been ap- 
pointed secretary of Allegheny 
Steel Co. succeeding Frank H. 
Stephens, who has resigned but 
continues as a vice-president and 
treasurer. 


Grant Goodwin @ is now assvo- 
ciated with the Lindberg Engi 
neering Co. as district manage: 
of the Indiana and southern Ifli- 
nois territory, with headquarters 
in Indianapolis. 


John L. Young & has been ap 
pointed manager of machinery 
sales, and Joseph Kinney, Jr. as- 
sistant manager of machinery 
sales for United Engineering and 
Foundry Co., Pittsburgh. 


D. L. Mathias has joined the 
stall of Metal & Thermit Corp., 
New York, in the capacity of re- 


search engineer. 


George H. Weiler has becony 
associated with the Vanadium 
Corp. of America as manager, 
eastern railroad division, with 
headquarters in New York Cil 


W. W. Williams, formerly gen 
eral sales manager, been 
made general manager of the Bab- 
cock & Wilcox Tube Co., Beaver 
Falls, Pa. T. F. Thornton, sales 
manager of the Detroit district, is 
now general sales manager. 


B. E. Sivyer, Jr. has been ap- 
pointed branch manager of the 
Chain Belt Co.'s San Francisco 
office. 


E. T. Slackford has been ap- 
pointed advertising manager ot! 
the Harnischfeger Corp., Milwau- 


kee. 


John Harding @ has resigned 
as chief metallurgist for Atlas 
Drop Forge Co., Lansing, Mich. 
to join the Metallurgical Depart- 
ment, Carnegie-Illinois Stee! 
Corp., Chicago district. 


Kelvin Sproule @ has obtained 
leave of absence from the Inter- 
national Nickel Co. of Canada to 
do post-graduate work in metal- 
lurgy at McGill University on the 
Dawson Fellowship. 
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FOR BETTER HEAT TREATING 


Gas, always the preferred fuel in 
all branches of the metal working 
industries, is today even more def- 
initely established as the most effi- 
cient and most economical fuel 
for the many heating operations in 
these important industries. 

The superiority’ of Gas is the 
result of two factors: First, its in- 
herent advantages of controllability 
and flexibility; and second, the im- 
portant advancements in the appli- 
cation of Gas during the last few 
years that have made it more eco- 
nomical than ever before. Today's 


up-to-date gas-fired equipment, 


HEATING / 


utilizing the inherent advantages 
of gas heat and making possible 
many new manufacturing advan- 
tages, is earning extra profits for 
manufacturers everywhere. 

Gas furnaces are doing the major 
portion of all heating operations in 
this field-_carburizing, annealing, 
hardening, drawing, melting, forg- 
ing, tinning, galvanizing, spheroi- 
dizing, bonderizing, baking, dry- 
ing. In each of these and many 
other heating operations Gas is 
doing a better job, improving qual- 
ity, increasing production, reduc- 


ing over-all costs, and earning 


profits. In Detroit's automobile in- 


dustry, for example, the use of Gas 
increased 105°, during the past 
ten years, while the use of all in- 
dustrial fuels combined increased 
only 5°7,,—conclusive evidence of 
the unusual efficiency and econ- 
omy of Gas. 

All these results of modern indus- 
trial gas heating operations mean 
extra profits for users everywhere. 
Investigate Gas for your heating 
operations. Your gas company will 
gladly give you complete informa- 
tio. without obligation. Let Gas 


earn new profits for you! 


AMERICAN GAS ASSOCIATION 


INDUSTRIAL GAS SECTION: 420 LEXINGTON AVENUE, NEW YORK CITY 
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FURNACE CONVEYOR ROLLS 


_ (Cont. from page 55) forces are overcome and 
the material breaks or splits with an absorption 

. 
Centrifugal ] of energy hardly greater than that required fo: 


elastic deformation. 
Vy 
Casting Flash eld to Neck On the other hand, tough fracture occurs 
: if the vield point (and permanent set) is reached 
first during rapid loading; the metal “self 


hardens,” or increases in strength while the cold 


ALLOWANCE 


work of deformation grows. Fracture finally 


ELIMINATES IMPURITIES — occurs with a very considerable absorption of 
NO —— — energy. The relation between these two limiting 


| values of the stress depends on the structural! 
CALITE ALLOYS state of the metal, the testing temperature, the 
shape of the specimen, the rate of deformation 

HIGH CREEP STRENGTH and the state of the stress. 
PERMANENT DUCTILITY In the case under examination the last 


factor is of controlling importance. Brittle frac. 
ENGINEERING "DATA ture does, in fact, occur as the result of normal 
Send for Circular (tensile) stress, while permanent deformation 
(slip) is caused by shear stress. In the case of 
Th CALORIZING CO uni-axial stress such as occurs in the outer fibers 

e . of a bar subjected to bending, the maximum 


Wilkinsburg Sta. Pittsburgh, Pa. shearing stresses are one-half of the normal, 


while in the case of pure shear these two com- 


ponents are equal, and the maximum norma! 
stresses act in planes at an angle of 45. In 
torsion, therefore, the ratio of shearing to 


| | hy Rely on. normal stress is double that during stretching 
Old FE’ t 9 or bending; simultaneously the tendency toward 
acts...! a tough rather than (Continued on page 80) 

Why make 1936 metallurgical decisions 


on obsolete 1933 metallurcical data? If 
you still rely on the 1933 Edition of your 


Metals Handbook, you are doing just this. 68 140 ey a 

Five thousand members of the Ameri- 64 120 
can Society for Metals are already using MS0F(19 
the new, enlarged 1936 Edition of the Y 60 100 ‘ee : 
Metals Handbook. Don’t be one of the 3 

¢ \& 4 
four thousand relying on out-of-date data 2% «= 8 a 
52 \ x 

As a member, all you need do to get Pi a WS ‘ 
your new Handbook is return your old 5 48 Ff < . 
one—the new Edition will be sent you x Wi 
free-of-charge and postage paid! ~ 

40 0 
Brine 200 400 600 s 
Return your old 1933 Edition today to Quenched 
Drawing Temperature, deg. Fahr 

American Society for Metals Relation Between Impact, Hardness and Draw Tem 
7016 Euclid Avenue Cleveland, Ohio perature of Carbon Tool Steel (Luerssen and Green 
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Photo above 
courtesy of 
General Electric 


Review 


SUPER 


ALUNDUM ‘TUBES 


N molybdedum or tungsten wound electric furnaces where 

the call is for super-high temperatures, Alundum Tubes 
and Muffles are standard throughout the world. Made of 
Norton fused alumina and backed by Norton experience in 
the manufacture of this type of refractory, they have demon- 
strated their ability to meet severe operating conditions. 


Chemically they do not affect the heating element. 


Physically their permeability allows maintenance of a reducing 
atmosphere throughout the furnace. 


Electrically they are satisfactory because of their high electrica! 
resistance even at elevated temperatures. 


NORTON COMPANY, WORCESTER, MASS. 
New York Chicago Cleveland 


NORTON 


REFRACTORIES 
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Sturtevant 


REG. U.S. PAT. OFF. 


ENTRIFUGAL 
COMPRESSORS 


a ADE in several types for furnaces, pneu- 
eH matic conveying and other purposes. 
@ Pressures: 42 to 5 lbs. Volumes; 50 c.f. to 


50,000. @ Write for complete data. 


B. F. STURTEVANT CO., HYDE PARK, BOSTON, MASS. 


Sales Offices in Principal Cities 


Columbia 


miele) & STEEL 


MAXITE 
Super High Speed Steel 
TYPE 
Tungsten 14.00 
Chromium 4.00 
Vanadium 2.00 
Cobalt . 4.00 
Molybdenum 60 
Cobalt High Speed Steel 
Increased Red Hardness 
High Cutting Speed 
Maximum Production 


COLUMBIA TOOL STEEL COMPANY 


MAIN OFFICE AND WORKS 


500 E. 147m STREET. CHICAGO HEIGHTS. ILLINOIS 


TORSION IMPACT 


(Starts on page 55) a brittle fracture increases 
considerably. It should also be possible to find 
n Luerssen and Greene’s tests conditions in 


which the specimen will give a tough fracture 
under torsion and a brittle one under bending. 

In the original publication photographs of 
fractured test pieces are given and from them 
we find that in quenched specimens drawn up to 
275° F. the surface of rupture is at about 45° to 
the axis, indicating that the fracture was started 
by normal and not shear stresses. Consequently 
the fracture will be typical of a brittle rupture 
with negligible absorption of energy. In the 
temperature interval from 275 to 375° F. the 
fracture gradually changes from oblique to per- 
pendicular while the work of deformation rises 
considerably. This indicates that the brittle 
fracture passes over into the tough type caused 
by shear stress as a result of the steadily increas- 
ing brittle strength and decreasing vield point. 
(The decrease in the latter was observed by 
Emmons in his static torsion tests; it also ap- 
pears in the lowered hardness.) 

At 375° F. the fracture is completely tough 
(flat and square). At higher temperatures the 
second part of the diagram, which corresponds, 
according to Luerssen and Greene, to the steady 
decomposition of the austenite, represents the 
change of the energy required for a tough frac- 
ture of this decreasing amount of residual 
austenite (plus, probably, changes in the in- 
ternal stress in the sample). 

Turning now to the results on impact tests 
of un-notched bars, we find first of all a typical 
brittleness with scarcely any increase in the 
work of deformation up to 400° F., after which 
the curve rises to 475° F. Up to this tempera- 
ture the curves for torsion and bending tests 
have no relationship but above it they agree. 

It must be recognized that up to 400° F. the 
brittle fracture by bending and small absorption 
of energy is due to the low “brittle strength” of 
the steel. The transition to the tough condition 
observed in the torsion tests is absent, on ac- 
count of the low ratio of the shear to the normal 
stress (50°). At drawing temperatures above 
400° F. the yield point has decreased and the 
brittle strength increased sufliciently for the 
transition to the tough state to start, and the 
transition is complete at 475° F. This transition 
is accompanied by a (Ends on page 84) 
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HOW GLOBAR HELPED 
THE X... 


..-TO REDUCE COSTS 
.-- IMPROVE QUALITY 


STEP UP 
PRODUCTION 35% 


Typical end heating 
forging furnace equipp- 
ed with “Globar” Brand 
high temperature clec- 


tric heating elements, 


Turre are many ways to heat steel for forging, but 
for the production of superior forgings at low cost 
there's nothing like a ~Globar™ ved electric 
furnace. Here's the story of a “Globar”™ installation 
which proves it again. 

A prominent manufacturer* was trying every means 
to improve the quality of his drop forgings. Many of 
them were subjected to high stresses and strains in 
use, or were those which required careful finishing 
and plating. After numerous experiments with many 
types of equipment he installed an electric forge fur- 
nace equipped with “Globar” Brand non-metallic 
heating elements. Here's what happened. 

There was an immediate increase of 35% in produc- 
tive capacity. The number of rejects dropped because 


* 


* Name on request. 


BRAND 
NON-METALLIC HEATING ELEMENTS 


the metal was delivered to the hammer always at the 
same temperature. (A more uniform forging was pro- 
duced, Easier to machine. One with greater strength, 
better grain structure. And a finer finish greatly re- 
duced the cost of machining, grinding, polishing and 
buffing. 

The list of manufacturers using “Globar” Brand non-metallic 
heating elements reads like a Blue Book of industry. If vou, 
too, are interested in maximum quality at a low production cost, 
our engineers will be glad to study your heating problem and 
offer specific recommendations. There is no obligation, 


THE CARBORUNDUM COMPANY, CGlobar Division. NIAGARA FALLS, N. Y. 


District Sales Branches: Boston, Chicago, Cleveland, Detroit, Philadelphia, Pittsburgh 


Carborundum and Globar are registered trade-marks of The Carborandaum (Company 
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& & & Continuous Push- 
er Type Furnace for an- 
nealing copper wire on 
coils. 

& & Right — Control- 
led Gas Atmosphere Pro- 
ducer with Purifying 
Towers. 

& & & Continuous mesh 


belt conveyor furnace for 
annealing non-ferrous 
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Bell-type Furnace for Annealing Copper Wire on 


FOR NON-FERROUS PRODUCTS 
WITH WESTINGHOUSE ELECTRIC FURNACES 


uniformly ductile product... delivered clean ... dry 
A ..and bright. These are four advantages that makers 
of non-ferrous products can obtain when they anneal in 
Westinghouse atmosphere-controlled electric furnaces. 


For many years Westinghouse has been making refine- 
ments in furnace design for more efficient. . . . more eco- 
nomical operation on every type of heat-treating applica- 
tion. Backed by vast resources and unexcelled research 
facilities Westinghouse heat-treating engineers have blazed 
the trail to better . . . more uniform annealing of non- 
ferrous products. 


Investigate the advantages of Westinghouse electric fur- 
naces. There’s a type for almost every application and an 


experienced staff of trained engineers to help you select 
the furnace that best fits your needs. Let one of them | 
study your requirements and make recommendations. 


| 
No obligation, of course. 110011 
‘ 
Return recuperative pusher type furnace annealing 
copper strip in coils. 
| 
| 
| 
| 
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TORSION IMPACT 


(Starts on page 35) steady increase in t) 
permanent set and therefore by an increase jn 


CARBURIZING COSTS the energy absorbed, which quite mechanical) 
masks the decrease in toughness dependent on 


the changes in the microstructure in this tem- 


The low shrinkage of 
CHAR CARBURIZING COM- 


perature range and which can only be detected 
in torsion tests (when the tvpe of fracture re- 


POUND permits packing 
more steel per box. This 
means more work 
per furnace 


mains unaltered). 

Above 475° F. both types of test put the 
metal in the same tough state and therefore giv: 
similar results. Thus we see that the character- 
istic peak at 350° in Luerssen and Greene's 
diagram is an attribute not of impact but of 
forsion. 

Since torsion is a favorable working regim« 
for a tool, it is necessary to test it by bending if 
it is to be used in bending. It is not surprising 
that the hardness gives results differing from 
both impact tests, since the material is not rup- 
tured and therefore the question of strength 
CHAR PRODUCTS COMPA NY (which is the main factor in determining the 
energy absorbed) does not enter. 


MERCHANTS BANK BUILDING INDIANAPOLIS 
N. N. DAvIDENKOW 


Ap 
SPECIMEN POLISHER 


Direct Drive, two speeds, 575-1150 R. P.M. 
Interchangeable discs, free from vibration. 


ADOLPH |. BUEHLER 


228 North La Salle St. Chicago 


CRUCIBLE STEEL COMPANY 
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HEADOUARTER 


Grinding Equipment for Microscopy Specimens 


The Guthrie-Leitz Polishing Machine 

recently advertised, is but one of the 

many different grinding and polish- 

ing machines Leitz has available for 

the met ‘Hur jist interested 3 

scopy. He can get rough grinding 

belt inding and yr ng whee 

jiscs, cloths, e also tl C I 

accessories sh as 

h lder oC 5, etc ind 4 
Too much care cannot be given to the selection =  @ompnlement its com lit 

of equipment for preparing specimens for mi- ‘Send pie Bulletin 1093 

E. LEITZ. Ine... 60 East 10th Street, New York. N. Y. 
WASHINGTON -HICAGO DETROUTIT 


Western Agents: Spindler and pre Inc., Los Angeles — San Francisco 


PURE CARBIDE-FREE 


metals 


Quality steels assure 
the same fine tool mak- 


ing results, day after 


day, year after year 


Since 1774, Jessop’s Sheffield Tool 
Steels have been the standard of 


Wa. JESSOP & SONS 


Tungsten Powder . 
Pure Manganese _- 
Ferro-Chromium 
Pure Chromium 

Ferro-Tungsten 


97-98% 
97-99% 


60% 


98-99% 


75-80% 


Ferro-Titanium_25 and 40% 


Ferro-Vanadium 


35-40% 


Send for Pamphlet No. 2021 


1774 INCORPORATED 


NEW YORK 
121 Varick Street 


1936 


BOSTON 
163 High Street 


Metal & Thermit Corp. 


120 BROADWAY, NEW YORK, N. Y. 


TORONTO 
59 Frederick Street 


CHICAGO 
Monroe & Jefferson Sts. 
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Albany * Pittsburgh Chicago 
South Sen Francisco *& Toronte 
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INCLUSIONS 


(Cont. from page 51) solubility of calcium car- 


bide in blast furnace slag and electric furnace 


DR. B. LANGE slag—carbides and nitrides of dense metals are 
SLIT OCULAR frankly metallic. Iron nitrides and carbides 
a a | dissolve in molten metal and form solid soly- 
croscope into an ob- tions of great technical importance. 
jective photometer. More generally, the compounds formed by 


carbon and nitrogen (and also hydrogen and 


OR photomicrographic measurements >» 
a4 of spectral and X-ray photos, deter- boron) with the transition metals have a metal- 
mination of light-absorption of micro- lic character not found with the other metals 
specimens, and colorimetric dete and the metalloids. It is not clear why titanium 


tion of fluids in layer thicknesses from 


0.1 mm. Direct readings of absolute nitrides should be separated in this respect from 


boa values of blackening and light perme- the others, as some metallurgists have sug- 
ia, ability on dual scales of Multiflex Gal- gested. Moreover, certain refractory nitrides 
vanometer. 


and carbides (of tungsten, zirconium, vanadium 


Price, Slit Ocular with Photo-Cell and titanium) tend to form atomic systems of 


and Illuminating Apparatus with tor lati 
two spare bulbs, in cabinet, $150. very high hardness; by extrapolation the car- 
bides of boron and of silicon and the diamond 

Particulars on request ‘ 

' type of carbon belong in this category. Finally, 


Tt a study of the constituents of steel demonstrates 
Pfaltz & Bauer. Inc. the similarity between carbides and _ nitrides; 


EMPIRE STATE BUILDING, NEW YORK this was particularly evident to us in the study 


of the iron-chromium alloys. 


ae From what we have just said, we may con- 


clude that: 
1. For the same cation, the metallic char- 


acter of compounds increases in the following 
order: 
O —S—N and C (likewise P and B) 

2. For the same anion (O, S, N or C) the 
metallic character appears to increase in com- 
pounds with elements in the following order: 

Alkalis and alkaline earths — Mg and Al > 
Mn — Fe, Co, Ni — Cu 

Now if we wish to define inclusions as 
“non-metallic substances,” we bump into the 
same difficulties that are always met in attempt- 
ing to separate a continuous or progressive 
series. Indeed, after much consideration it 
hardly seems possible to formulate a general 
definition applying to all inclusions in all metals. 


eZ: 


In my travels 


of the past 


month I have 


been unable to find a guy who voted 
as he said he would. 


< for welding all corrosion and heat resist- 
ing products. Send for data book. 


In limiting ourselves to inclusions in iron and 
similar metals, we would be tempted to make 
the following arbitrary and conventional divi- 
sion wherein the idea of impurity or harmful! 
clement is entirely relative and variable: 
Inclusions in steel are silicates, aluminates, 


oxides and sulphides. 


Ree Metallic constituents in steel are nitrides, 
hag carbides, borides and perhaps phosphides. 
ALBERT PorRTEVIN 
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has proved its VALUE in 
TAG Pyrometer Controllers 


Encaeasep sales based on superior performance. 


Because of these exclusive features: 


Instantaneous action at control point. 
Overshooting at its ultimate minimum. 
Highest sensitivity. 

No metal pointer; a beam of light instead. 
Calibrated accuracy 0.1% of full seale. 


TAG Pyrometer Controllers are available in: 


2- and 3-Position Indicating Controllers; 2- 
and 3-Position Recorder-Controllers: Non- 


Ger, copy of the new TAG hunting. Non-drifting Recorder-Control- 
Pyre ter Catal 1101-76. If yo 
lers; Multiple Point Recorder: Indicator; 
are not already among the many 
users of TAG Pyrometers, why not Resistance Thermometers: Switches, Ther- 
get in touch with a TAG Engineer ° 
mocouples and Accessories. 
for a demonstration’ It costs you 
nothing and then you will be sure 


that you are purchasing the best TAG Pyrometer Controllers operate with a Beam of Light, Mirror 


instrument for your application. 


Galvanometer and a Phototube. 
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Park & Nostrand Ave’s., Brooklyn, N. Y- © | 


Authorities Agree 
“Metal products 
must be clean— Re =a 
free of oil and a 
grease — before 
heat treating, 
and the most 
suitable cleaning 
process is Sol- 
vent Degreas- 


. 


ing. 


The Detrex Sol- 
vent Decreasing 
process makes 
use of stabilized 
safety solvents, 
either Perm-A- Sise 623 gas heated Detrex 
Clor or Triad. It Degreaser. 
completely removes oil and grease. The work 
comes out clean, warm, dry, and ready for 
subsequent heat treating or finishing operations. 
Make a plant trial of the Detrex process without 
equipment investment. Prove to yourself its 
advantages of speed, economy, and efficiency. 
Write for complete information. Also, copy of 
new booklet entitled “Scientific Metal Cleaning.” 


Detroit Rex Products Co. 


13019 Hillview Avenue, Detroit, Michigan 
New York Office: 130 W. 42nd St Chicago Office: 201 N. Wells St. 
Degreasers °o Solvents o Alkali Cleaners 


PROBLEMS in HARDNESS TESTING 
Solved at Minimum Cost Our Bulletins Tell How 


For 100% portable hardness testing for metals the 
SCLEROSCOPE is used the world over, described in our 
bulletins S-22 and S-30. 

For testing rubber our bulletins R-4 and R-5. 

For testing the Qualitative and Quantitative hardness 
under the static method of all known materials including 
dead soft or superhard metals, sub-surface testing, ete., 
send for bulletins M-3, M-6 and M-7 descriptive of the 
MONOTRON, now in general use. 


A selection from this line will definitely meet with your requirements 


THE SHORE INSTRUMENT & MFG. CO. 


Van Wyck Ave. & Carll St. Jamaica, New York, N. Y. 


ELECTRIC IRON 


(Continued from page 51) 


1. Remelting pig iron in electric furnaces 
of a design similar to that of normal steel fu; 
naces, for the manufacture of high quality iron 
to close chemicai specifications. The eve: 
increasing demand for iron castings of high 
mechanical, physical and chemical quality ex 
plains the rapid increase of foundries adopting 
this process. One of the main reasons for its 
popularity is the high modulus of elasticity 
obtainable in these electric castings as com- 
pared with the cupola product. 

Again, the peculiar conditions under which 
this process is applied in different European 
countries vary considerably according to local 
conditions. In France and Germany there is a 
tendency to treat liquid iron from the blast 
furnace in large electric furnaces for its super- 
heating, refining, desulphurizing and adjusting 
its chemical composition. Lron thus refined is 
cast into pigs and sold to foundries for remelting 
in the cupola or revolving furnace, or as an 
addition to the charge to improve the quality 
of other cheaper irons. These electrically rv 
fined irons are generally low in carbon (2.5, ), 
sulphur (0.05°) max.), phosphorus (0.08°. max.) 
and silicon (1.0 to 1.5',), while their manganese 
content is usually higher (0.9 to 1.3°.) than in 
ordinary foundry iron, 

In other countries like Italy, a cold charg: 
of ordinary blast furnace pig iron is remelted 
and refined by the foundry itself in electric fur- 
naces of proper capacities (generally smaller 
than in the preceding case) and cast in molds 
in the usual way. 

The economic advantage of this process, 
requiring more electric power, depends on the 
ratio between the cost of power and the cost ol 
coke, while its technical superiority (from the 
point of view of exact composition, purity, 
proper casting temperature, and so on) is evi- 
dent. Sometimes where the technical superiority 
of the products obtained by the last process has 
a deciding importance, the economic obstacle 
of costly power is partly removed by melting 
the iron in a cupola, and limiting the action of 
the electric furnace to overheating, refining and 
adjusting the chemical composition. However, 
this interesting duplex process has been so far 
very seldom used in Italy. 

Feperico 
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DON'T WORRY 
ABOUT THE 
SHAFTS... 


The new Pacemaker 765,made by The Harnischfeger Corp., Milwaukee, 
Wis. All the shafts of the Pacemaker are Chromium-\anadium Steel. 


They Are Chromium-Vanadium Steet! 


Watch one of those new “Pacemaker 765” Shovels 
at work and you marvel at its speed and ruggedness. 

Quick starts... sudden stops... violent shakes of 
the dipper ... heavy loads... speedy lifts — you be- 
gin to wonder whether the shovel, massive as it is, 
will stand the gaff. But, don’t worry about the Pace- 
maker shafts—all the principal ones of this well- 
known shovel — the two drum shafts, jack shaft, 
intermediate shaft, vertical propeller shaft, horizon- 


tal propel shaft — are Chromium-Vanadium Steel. 


FOR STRENGTH - TOUGHNESS: DURABILITY 


Are there parts of your products in which better 
steels would safeguard operation and improve per- 
formance? The Metallurgical Staff of the Vanadium 
Corporation of America will gladly help you select 


a steel or steels that will meet your requirements. 


VANADIUM CORPORATION OF AMERICA 
{20 LEXINGTON AVENUE, NEW YORK, N. Y. 


Plants at Bridgeville, Pa.. and Niacara Falls, N. ¥ 


Research and Development Laboratories, Bridgeville, Pa 


wcracs VANCORAM 


FERRO ALLOYS 
of vanadium, silicon, chromium, 
and titanium, produced by the 
lanadium Corporation of America, 
are used by steel makers in the 
production of high-quality steels. 
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HEROULT ELECTRIC FURNACE 
for Melting and Refining... 
Capacities up to 100 Tons 


HE efficiency of the Heroult Electric Furnace 

as a melting and refining unit for any kind of 
ferrous metal... (alloy and tool steels, iron and 
steel castings) ... has won for it berths in nearly 
100 mills and foundries. Either basic or acid pro- 
cess, any capacity from % ton to 100 tons; any type 
of charging ... removable roof, chute, hand or 
machine. Call on us for regular or special designs, 


AMERICAN BRIDGE COMPANY 
General Offices: Frick Building, Pittsburgh, Pa. 


Baltimore Boston Chicago Cincinnati Cleveland Denver 
Detroit Duluth Minneapolis NewYork Philadelphia St. Louis 


Pacific Coast Distributors: Columbia Steel Company, San Francisco 
Export Distributors: United States Steel Products Company, New York 


Subsidiaries of the United States Steel Corporation 


[fa 


STATES STEEL 


TYPE 5 Heroult Electric Furnace 
shown pouring has new removable 
roof which simplifies and speeds 
up charging. 


Control 


—right from 


Industrial Furnaces 


the Start < 

for — 
of all kinds 
Forging, Heat Treating, 
Metal Melting, etc. 


4 BASIC 
ELECTRIC melting charge to the finished 


control of all process- 


ing f lecti f th 
ing from selection of the naces, and the Stewart Gasifier 


STEEL _ A Stewart representative is located 
Sace| FORGINGS antee of quality in forgings fur- near you. Let us know and we will see 
ee nished to your specifications — that he gets in touch with you quickly. 
44 Smooth Forged, Hollow Bored, FLEXIBLE SHAFT CO. 
ike Rough or Finished Machined. 1104 So. Central Ave., Chicago, U. S. A. 
‘ FLEXIBLE SHAFT COMPANY, Ltd. 
NATIONAL FORGE & ORDNANCE co. = 349 Carlaw Ave., Toronto, Ontario, Canada 
IRVINE, WARREN COUNTY, PENNA. U.S. A. Eastern Branch Office: 11 W. 42nd Street, New York, N. ¥. 


Car type furnaces, Conveyor fur-_ 
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“If you can’t sell that idea to 
any ten year old child--they Il 


have to burn down the school- 


B 


house to get him out of the 
third grade 


—Remarked a prominent Executive 


E referred to the Harris Hinged Tray, Patent- 

ed, exclusive product of General Alloys Com- 
pany. For use in pusher, and conveyor type, fur- 
naces for all heat treating operations, these trays 
are replacing solid trays, on the largest installa- 
tions, and wherever users are informed of prog- 
ress. 


“y BVIOUS REASONS: They Are LIGHTER,— 

last LONGER,—cost FAR LESS per heat- 
hour of service, SAVE Fuel, Handling, fixed 
charges. They frequently save heating time. 
Their first cost is generally lower. 


Harris hinged Although center reil is 


utes the load on three rails with stresses 
only one-quarter that of on 


low as in Fig. “A” the hinged tray distrib- 


“Harris hinged tray. Center rail is high as 


- that of tray shown in Fig 


F you were going to build a bridge span one 

hundred feet wide, without central support, it 
would take more than three times the steel than 
with one support in the center, cutting the unsup- 
ported span to fifty feet. This is just as true ina 
two car garage, or with Junior’s blocks. Just 
“Common Horse Sense”’. 


HIS argument sounds logical for any three 

rail furnace with solid trays, until you remem- 
ber that the rails vary in height and a tray must 
either be rigid enough to span the outer rails, or 
it will flex and fail from fatigue-——WITHOUT A 
HINGE in the middle. (See diagram). 


N two rail furnaces recently built, from 12” to 

24” spans, the users are condemned to pay for 
from 18 lbs. to 45 Ibs. more alloy on each and 
every tray used, and heat and handle this extra 
weight for as many years as it takes them to 
catch up with 1934 General Alloys practice. It 
would take less than half the first cost saving in 
trays to pay for the third rail in the furnace, and 
more than 50% extra tray life could be expected. 
In some cases the tray savings would pay for the 
furnace during its life-time. 


Note that center rail is low and that the — 
tray is ridingthe outer railsonly. The stress 


treating tray on three rail pusher furnace, _ 


ne piece annealing, car 
in this position is four 
than with all rails bearing. 


P.S. If you use, buy, sell, or build furnaces, General 
Alloys can serve you, for we pioneered alloy furnace 
mechanism, and the reputation of most furnace builders 


was built on X-ite and Q-Alloys equipt furnaces. 


GENERAL ALLOYS COMPANY 4 
PLANTS 367-405 W. FIRST ST., BOSTON OFGRINCIPAL CITIES 
@ Oldest and Largest Exclusive Manufacturer of Heat and Corrosion Resistant Castings @ -. 
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ZEISS METALLIPUT 


NEW INVERTED 
UNIVERSAL 
MICROSCOPE 


For Bright and Dark Field 
Metallography and Macro- 
Photographic Work. 


Convertible for Use With 
Transmitted Light. 


Infinity Corrected Objectives. 
3%x 4 “%or5 x 4” Camera. 
Vibration Proof Mounting. 


Descriptive Leaflet Micro 519 


With Prices Upon Request. 


CARL ZEISS,Inc. - 485 Fifth Ave. - New York 


PACIFIC COAST BRANCH: 728 South Hill Street, Los Angeles, Calif. 


heated 
Babbitt manufac- 
tured hy Harold E. 
Trent Co., Philadel- 
phia in which Kanthal 
is employed as the 
heating element. 


ONew UP-TO-DATE 
LITERATURE___ 


Send this ad today for your free copy of the 
following bulletins: 


Why 


KANTHAL 


) “Super” Blowpipes. 

) Improved Pot Hardening Furnaces. 

) Improved High Speed Steel Furnace. 
) Improved Oven Furnaces. 

) Improved Aluminum Melter. 

) Improved High Heat Melter. 


Chosen! 


Here is an application of Kanthal made by one prominent 
electric furnace manufacturer. He uses Kanthal because 
in its several forms, more compact units are possible 
(greater resistance being obtained with shorter wires) ; 
longer life is assured (Kanthal’s high resistance rating 
giving greater operating economy); costs are reduced 
| (Kanthal D, for instance, with 15% lower = specific 
gravity produces more units per Ib. of material) and 
corrosion factor practically eliminated (particularly where 
sulphurous fumes are present ) 

Ask us for other demonstrations where Kanthal has 
opened up new doors of opportunity to manufacturers of 
electric heating apparatus 


The C. O. Jelliff Mfg. Co. 


SOUTHPORT, CONN. 


Name 


Company 


Address 


AMERICAN GAS 
FURNACE CO. 
Elizabeth, N. J. 
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_ Tam the Management's CONTROL, 


UNIFORMITY finished product. 
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HELPFUL LITERATURE 


Binocular Microscope 


The new Bausch & Lomb wide 
field binocular microscope permits 
actual perception of length, breadth, 
and depth at magnifications from 7 
to 150 diameters. The three dif- 
ferent models are described in Bul- 
letin Dy-35. 


Gas Furnaces 


Six bulletins on Super Blowpipes. 
Improved Pot Hardening Furnaces, 
Improved High Speed Steel Furnace, 
Improved Oven Furnaces, Improved 
Aluminum Melter, and Improved 
High Heat Melter, will be sent by 
American Gas Furnace Co. Ask 
for Bulletin Dy-11. 


Drawing Furnace 


A new convected air gas fired fur- 
nace for drawing and tempering 
dense loads has been announced by 
Despatch Oven Co. Complete details 
concerning its design and opera- 
tion, the results obtainable, and 
prices are given in Bulletin Dy-123. 


Compressor Data 


General information on the ap- 
plication of blowers to gas and oil 
burners, and miscellaneous appli- 
cations for other types of work are 
included in a 12-page “Turbo Com- 
pressor Data Book.’ Useful tables 
and charts are included. Spencer 
Turbine Co. Bulletin Dy-70. 


X-Ray Examination 


The application of X-ray examina- 
tion and inspection to castings. weld- 
ing. and food products, as well as 
practical X-ray crystal analysis, is 
completely described and strikingly 
illustrated in General Electric X-Ray 
Corp.'s new 34-page publication. 
Bulletin Dy-6. 


New Homo Furnace 


The new Homo furnace described 
in a bulletin issued by Leeds & 
Northrup provides for even temper- 
ing on a very dense load. Auto- 
matic control includes a feature that 
prevents overshooting. Fine temper- 
ing on extra dense loads at low cost 
is provided. Bulletin Mx-46. 


Chain 


Interesting information on chain 
and belt conveyors for use at high 
temperature may be had by send- 
ing for a new illustrated bulletin 
by Michigan Stee! Casting Co. Bul- 
letin Dy-84. 


Bright Annealing 


Electric Furnace Co. tells about 
their controlled atmosphere furnaces 
for continuous deoxidize annealing, 
bright normalizing and annealing 
ferrous and non-ferrous metals. Work 
comes clean, bright and dry from 
these furnaces. Bulletin No-30. 


Laboratory Service 


A new edition of “The Metal 
Analyist’” tells about an organiza- 
tion established by Adolph I. Buehler 
specializing in the installation of 
metallurgical laboratories. The com- 
plete line of laboratory equipment 
marketed by Buehler is also cata- 
logued. Bulletin Dy-135. 


Insulating Firebrick 


Complete information on the five 
types of insulating firebrick made 
by Babcock & Wilcox Co. is con- 
tained in a new booklet. The physi- 
cal data, typical applications, and 
illustrative descriptions of lightweight 
constructions should interest all those 
concerned with furnace construction 
and maintenance. Bulletin Myb-75. 


Forging Experience 

The experience of 21 years has 
made National Forge and Ordnance 
Co. the headquarters for a host of 
basic electric steel products. Typical 
products and equipment for making 
them are described in a series of 


attractive pictorial circulars. Bulletin 
Dy-136. 


Valveless Controllers 


Dependable uniformity in feeding 
heavy fuel oil can be accomplished 
by the use of Johnston valveless 
automatic controllers, which use posi- 
tive metering pumps. These units 
are described in detail in a book- 
let illustrated by photographs and 
charts. Johnston Mfg. Co. Bulletin 
Dy-155. 


Enduro 18-8 Types 


Detailed data on Enduro 18-8 and 
its several variations are featured 
in a 24-page book by Republic 
Steel Corp. which is radically dif- 
ferent in layout, photography, and 
typographical treatment. Bulletin 
Dy-8. 


Rotoblast 


A new blast cleaning machine 
eliminates the need for compressed 
air as the abrasive driving agent. 
Pangborn Corporation tells how a 
rapidly spinning wheel propels the 
abrasive by controlled centrifugal 
force. Bulletin Ox-68. 


Sheffield Steels 


Wm. Jessop & Sons, Inc., have a 
leaflet which tells why a special an- 
neal and a proper balancing of car- 
bon, manganese and tungsten com- 
bine to make Sheffield Superior oil 
hardening steel non-distorting and 
easily machinable. Bulletin Jn-61. 


Rustproofing 


How the Detrex method of solvent 
degreasing provides the advantages 
of speed, economy, and satisfactory 
cleaning before all kinds of rust- 
proofing and finishing operations is 
pointed out in a leaflet by Detroit 
Rex Products Co. Bulletin Dy-111. 


Controllers 


The Brown Instrument Co. has pub- 
lished a new catalog covering the 
complete line of Brown air-operated 
controllers. It explains in simple, 
non-technical language the principle 
of operation and contains many help- 
ful diagrams. Bulletin Dy-3. 


Portable Grinders 


Norton Company tells how port- 
able grinding and finishing equip- 
ment can be profitably used in the 
foundry cleaning room, in the steel 
mill, for fabricated metal products, 
in railroad and car shops, in the 
stone industry, and in the tool room 
and die shop. Bulletin Oy-88. 


Kanthal 


Kanthal, an alloy for electric heat 
developed in Sweden, is now being 
marketed in the United States by 
C. O. Jelliff Mig. Corp. A new cata- 
log gives full information on proper- 
ties, forms available and fabrication. 
Bulletin Oy-78. 


Pyrometer Accuracy 


A thought-provoking folder of Hos- 
kins Mig. Company explains how 
the use of Chromel-Alumel for py- 
rometer lead-wires makes it possible 
to take full advantage of modern 
pyrometric instruments. Bulletin Ob- 
24. 


Locomotive Steels 


A comprehensive review covers 
specific applications, based on cur- 
rent practice, of various types of 
vanadium steels for locomotive and 
car construction. It contains 72 
pages and is available to railway 
executives and engineers. Published 
by Vanadium Corp. of America. 
Bulletin Dy-27. 


Forgings 

The story of Heppenstall forgings 
is told in photographs augmented 
by explanatory text. Eight pages of 
reference tables add to the value of 
this book to anyone who uses steel 
forgings or shapes. Bulletin Mya-122. 


Silmo Steel 


A series of six loose-leaf pages is 
available from Timken Steel & Tube 
Co. which gives complete physical 
data on “Silmo,” a new steel es- 
pecially designed for applications 
where an economical combination of 
high temperature strength and oxi- 
dation resistance is required. Bul-- 
letin Dy-71. 


Camera-Microscope 


A highly efficient and up-to-date 
apparatus that is an ingenious com- 
bination of several instruments into 
one universal camera-microscope is 
described by Pfaltz & Bauer, Inc. in 
a handsomely printed booklet con- 
taining some intriguing photomicro- 
graphs. Bulletin Oy-142. 


Light Case 


Severe breakdown tests were ry, 
by A. F. Holden Co. to study the 
characteristics of Holden Licht Case 
in relation to case penetration and 
the total change of chemistry of the 
bath. They are described. and , 
chart showing results is reproduced 
in a folder ready for distribution 
Bulletin Dy-5SS5. 


Electromet Review 


A very attractive new house or 
gan has recently made its appear 
ance. It gives news and views oj 
alloy steels and irons, but is mostly 
concerned with stainless steels 
Electro Metallurgical Co. publishes 
it. Bulletin Ox-16. 


Polishing Machine 


The Guthrie-Leitz automatic po! 
ishing machine is designed to elim 
inate all elements of the human 
equation which make the hand 
preparation of metal specimens so 
undependable. Described by E. Leitz 
Inc. Bulletin Jyx-47. 


Nickel Publications 


International Nickel Co. has a list 
of 62 publications on nickel and its 
alloys which they will supply free 
of charge. An order blank is cat 
tached to the list to facilitate order 
ing those publications of interes! to 
you. Bulletin Sy-45. 


Stainless Steel Facts 


Carpenter Steel Co. offers (to 
manufacturers in U.S.A. only) a 
booklet, designed in handy file folder 
form, presenting a wealth of data 
on Carpenter stainless steels. A 
good reference source of materia! 
Bulletin De-12. 


New Recorder 


C. J. Tagliabue Mig. Co. a 
nounces for the first time in a new 
edition of their pyrometer catalog ¢ 
new two- and three-position recorder 
controller. The complete Tag line 
of indicating, recording, and con 
trolling pyrometers, which utilize ¢ 
beam of light, a mirror galvanometer 
and a phototube, is also described 
Bulletin Ay-62. 


Capacitrol 


An indicating control pyrometer '5 
made by Wheelco Instruments Co. 
known as the Wheelco Capacitro! 
Their bulletin gives full description 
wiring diagrams for different ‘urnace 
or oven installations, and price. 5u! 
letin Mya-110. 
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Recuperators 

Results obtained with Carborun- 
dum Company's recuperators using 
Carbofrax tubes are fuel savings. 
closer temperature control, faster 
beating. and improved furnace at 
mosphere. Complete engineering 
data are given in Bulletin Fx-57. 


Aluminum Finishes 


Good printing, good paper, spiral 
binding and an attractive presenta- 
ion add interest to the valuable 
technical information on “Finishes 
for Aluminum” contained in Alumi- 
num Co. of America’s new book- 
let. Bulletin Oy-54. 


Alloy Steels 


Why alloy steels are best for 
heavy equipment and other exact- 
ing applications is discussed in a 
folder by Bliss & Laughlin, Inc. A 
partial list of the more common 
grades gives machine ratings and 
tuming speeds. Bulletin Jyb-42. 


Machining Stainless 

Don’t let machining problems 
keep you from using stainless steel. 
A booklet by U. S. Steel Corp. con- 
tains full information on two types 
of stainless steels which can be 
easily handled on automatic screw 
machines for quantity production. 
Bulletin Ny-79. 


Welding Technique 


A new arc welder has been de- 
signed by Lincoln Electric Co. in 
which the heat of the welding arc 
can be varied as to type as well 
as to intensity. A book giving full 
details of this new dual continuous 
control is ready for distribution. 
Bulletin Ny-10. 


Stainless Data Book 


All users of stainless and heat 
resisting alloys should find invalu- 
able the information contained in a 
booklet published by Maurath, Inc. 
giving complete analyses of the al- 
loys produced by the different man- 
ufacturers, along with the proper 
electrodes for welding each of them. 
Bulletin Jyb-125. 


Cutting Steel 


Recommended practices for gas 
cutting of structural steel are given 
in a concise and authoritative form 
by The Linde Air Products Co. Quali- 
fication tests for good workmanship 
from the standpoint of accuracy and 
smoothness of cuts are also de- 
scribed. Bulletin Dc-63. 


New-Series Recorders 


Foxboro’s new bulletin describes 
in detail the extra, compensating 
slide-wire — a feature found only 
in the Foxboro potentiometer record- 
ing pyrometers for industrial tem- 
peratures. All types are listed and 
ie in this booklet. Bulletin 

rb-21. 


Some of the Best Chinking 


in the metal industries is at your disposal 
in the literature described here. One book- 
let may hold the key to your current prob- 
lem. Help yourself to this helpful litera- 
ture. It's free. You incur no obligation 
when you return the coupon. 


Gas Carburizing 


Surface Combustion Corp. shows 
how five years of use have proven 
the Eutectrol process of continuous 
gas carburizing to give better con- 
trol of case depth and character, 
along with large savings in cost. 
Bulletin Oy-51. 


Nichrome 


“Nichrome” nickel-chromium re- 
sistance alloy is not the only product 
made by Driver-Harris Co. A new 
68-page catalog gives complete data 
for this well-known material as well 
as a wide variety of other alloys. 
Bulletin Oy-19. 


Pure Metals 


Pure. carbide-free metals are de- 
scribed and applications suggested 
in a pamphlet published by Metal 
& Thermit Corp., who make pure 
tungsten, chromium and manganese 
in addition to the ferro-alloys. Bul- 
letin Mya-64. 


Specialized Tester 


The Rockwell superficial hardness 
tester is a specialized instrument for 
use where the indentation into the 
work must be kept shallow or of 
small area, yet sensitivity preserved. 
A supplement to Wilson Mechanical 
Instrument Co.'s catalog on the 
regular Rockwell tester tells all 
about it. Bulletin Sy-22. 


Nickel-Copper Steels 


Exceptional resistance to corrosion 
and abrasion, increased tensile 
strength, and higher ductility are 
the qualities claimed for Youngs- 
town Sheet & Tube Co.'s new series 
of Yoloy steels. A summary of 
properties and notes on their char- 
— are contained in Bulletin 

-93. 


Metalliput 


A new inverted universal micro- 
scope designated the “Metalliput” 
is described in a leaflet by Carl 
Zeiss, Inc. It can be used for bright 
and darkfield metallography and 
macrography and is convertible for 
use with transmitted light. Bulletin 
Sy-28. 


Moly Cast Iron 


The use of molybdenum in foundry 
practice, both on steel and cast iron. 
is described in a handsome booklet 
by Climax Molybdenum Co., which 
presents accurate technical informa. 
tion in a striking and modern man- 
ner. Bulletin Jyc-4. 


Cutting Oils 

The problems of machine tool 
lubrication engendered by the high 
speed production and close toler- 
ances of modern industrial opera- 
tions are discussed and progress in 
cutting oils during the past few 
years reviewed in a booklet by D. 
A. Stuart & Co. Bulletin Jyb-118. 


Globar Elements 


Globar electrical heating units and 
a variety of accessories for their 
operation have been catalogued by 
Globar Division of Carborundum Co. 
Bulletin Oy-25. 


Tocco Process 

This amazing new and extremely 
accurate method of heat treating is 
described in a new four-page leai- 
let, yours for the asking. Distributed 
by Ohio Crankshaft Co. Bulletin Oy- 
145. 


Screw Machine Stock 


Union Drawn Steel Co. makes cold 
drawn steels expressly for efficient 
automatic screw machine operations. 
Why they are efficient is explained 
in an attractive folder. Bulletin Dy-83. 


Centrifugal Casting 


A new circular has been prepared 
by the Calorizing Co. describing their 
methods of centrifugal casting. Bul. 
letin Dy-26. 


Furnace Control 

How the Lindberg Control func- 
tions in balancing the rate of heat- 
ing of a furnace or oven with the 
varying heat requirements is told in 
an attractive new bulletin issued by 
Lindberg Engineering Co. Bulletin 
Myb-66. 


Corrugated Ingots 

The Gathmann Engineering Co. 
has published a new booklet called 
“Gathmann Ingot Molds — Their Pur- 
pose and Design.” It illustrates 
various corrugated ingot contours 
designed to produce defect-free sur- 
face in steel ingots. Bulletin Aya-13 


Heat Resisting Alloys 

Authoritative information on alloy 
castings, especially the chromium- 
nickel and straight chromium al- 
loys manufactured by General Al 
loys Co. to resist corrosion and high 
temperatures, is contained in Bul- 
letin D-17. 


Ni-Cr Castings 

Compositions, properties, and uses 
of the high nickel-chromium castings 
made by The Electro Alloys Co. for 
heat. corrosion and abrasion re- 
sistance are concisely stated in a 
handy illustrated booklet. Bulletin 
Fx-32. 
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Alloy Castings 

Michiana Products Corp. has pub- 
lished a new book describing Michi-. 
ana corrosion resistant and stainless 
steel alloys. Generously illustrated, 
it suggests many savings for the 
use of these alloys. Bulletin Oy-81. 


Testing with Monotron 

Shore Instrument & Mig. Co. offers 
a new bulletin on Monotron hard- 
ness testing machines which func. 
tion quickly and accurately under 
all conditions of practice. Bulle 
tin Je-33. 


Newer Tool Steels 

Vulcan Crucible Steel Co. has a 
complete and attractive catalog list- 
ing their full line of tool steels includ- 
ing many special types to meet the 
modern trends in industry. Bulletin 
Jyb-127. 


Heat Treating Manual 

A folder of Chicago Flexible Shaft 
Co. contains conveniently arranged 
information on heat treating equip 
ment for schools, laboratories and 
shops, and also illustrates the sev- 
eral types of Stewart industrial fur- 
naces. Bulletin Ar-49. 


Port Valves 


Diagrams and descriptive matter 
show the operation of adjustable 
port valves made by North Ameri- 
can Mig. Co. that are particularly 
suitable for mediums whose rate of 
flow is not constant. Bulletin Oy-138. 


Lubrication Research 
An issue of E. F. Houghton & 
Co.'s new publication, “Research 
Illustrated,” is devoted to lubrica- 
tion. It is a fine pictorial presenta- 
tion of the practical problems of 
lubricating intricate, high speed. 
modern machinery. Bulletin Oy-38. 


Tool Steel Catalog 

A new catalog lists and describes 
the complete line of tool steels man- 
ufactured by Columbia Tool Steel 
Co. Bulletin Mya-115. 


Compressors 

B. F. Sturtevant Co. has a line of 
centrifugal compressors designed 
particularly for industrial furnace 
applications. These are illustrated 
and described in Bulletin Myx-58. 
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MISCO “Centricast” Furnace Conveyor Rolls 
N 


The end castings are flash welded to the centrifugally 


O mechanical joints are used in the manufacture 


of Misco “Centricast” Furnace Cony eyor Rolls. 


cast tube. This construction was originated by Misco, 
and more than 300 of these rolls are now in use at 
temperatures up to 2050°F. Your inquiries are in- 
vited. Michigan Steel Casting Company, 1980 Guoin 
Street, Detroit, Michigan. 
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BLAST 


é& SCALE, rust and dirt can be 


removed quickly and economically 


SHAFTING 


TURNED 
DRAWN 
Pangborn Airless ROTOBLAST ROUNDS 
Barrels, Tables, Cabinets and Special GROUND é 
Machines are the latest Blast Cleaning ; 
chines are the late ist Cleanin POLISHED 


sensation tor large production sched- 

Often the success of a ma- 
chine depends on a shaft— 
lowest cost per ton. Pangborn standard the precision and stamina of 
Cold Finished Steel Shaft- 
ing, so as to run true under 
heavy strains. B & L Shaft- 
ing and Small Rounds pro- 
vide the accuracy and uni- eS 
formity for long service and a 
economical operation. 


from heat-treated dies, gears, tools, etc., 


with Pangborn Air or Airless Blast 


SMALL 


Cleaning Equipment. 


ules demanding the finest finishing at 


compressed air Cabinets are usually 
recommended for smaller, manually 
controlled cleaning. 


Let Pangborn engineers prove which 

. . 
Cold Drawn Bars « Shafting a 
Ultra-Cut Steel Alloy Steels 


will be most profitable for your use. 
Write us today. 


BLISS & 
LAUGHLIN, INC. 


HARVEY.ILL. Sal Offices in all Prinscypal Gites BUFFALO,N.Y. 


PANGBORN CORPORATION 


WORLD MANUFAC TIOERS OF COLLECTING AND BLAST CLEARING SQUIPMENT 


HAGERSTOWN © MARYLAND @ 
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Use of YOLOY, in bodies“alone, reduced 
the dead weight of thefive trucks shown 
above “4 3260 |b,,theteby increasing the 
ame time the life of 

@ to their greater strength and 


eased resistance te-tOrrosion. 


YOLOY’S excellent hot and cold forming properties plus its 
outstanding weldability makes it the ideal metal for truck 


chassis and body construction. 


THE YOUNGSTOWN SHEET AND TUBE COMPANY 


Manufacturers of Carbon and Alloy Steels 


General Offices - - YOUNGSTOWN, OHIO 


652 
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in — strip, plates, bars, shapes, manufacturers’ a ing 
wire, soomleal ond and electric weld 


TENSILE Sreee 


pay-load by 652 Ib. p 


LAVITE 


The only heat treating baths that do not deteri- 
orate with use and that do not injure the work 
treated. 


TEMPERING LAVITE—275°-1200° F. 


Tempering Lavite is a clean, stable liquid through- 
out this wide temperature range. It does not fume 
or deteriorate with use. No other tempering 
medium has these advantages. Lavite tempering 
means rapid, uniform, clean, economical and con- 
sistent duplication in heat treatment. 


CARBON LAVITE (H OR CH)— 
1000°-2000° F. 
H for Hardening CH for Case Hardening 


Carbon Lavite is the best medium for heating 
sarbon and alloy tool steel parts such as gears, 
taps and threading dies, reamers, hobs, cutters, 
knives, gun parts, drills, stamping and forming 
dies and punches. Carbon Lavite CH is not only 
the best means of getting hard deep cases with 
tough core but it is the quickest and most eco- 
nomical case hardening method known. The 
quickest, cleanest heat without warpage or de- 
carburizing. 


ANNEALING LAVITE—1000°-2000° F. 


Annealing Lavite is the ideal medium for heating 
ferrous metals such as steel wire in production 
ton lots, or non-ferrous metals, as gold jewelry 
blanks in ounce lots. Different grades are used 
for different metals, Copper, Nickel, Nichrome, 
Monel, Sterling, Gold, Aluminum, Brass, Bronze, 
Iron and Steel. 


HIGH SPEED LAVITE 
High Speed Lavite is used for heating high speed 
steel and has a working range of 1750° to 2500° F. 
It is generally used at temperatures from 2150° to 
2350° F. for the hardening of high speed steels. 


LAVITE FURNACES 
The new Lavite Furnaces provide a method of 
heating that eliminates burning out of pots, over- 
shooting of temperatures and deterioration of the 
furnace from excessive temperatures. The resis- 
tance of the Lavite to the electric current between 
electrodes gives heat only where it is needed; the 
thermal efliciency from this method of heating is 
so high that the cost of electricity is frequently 
considerably less than is possible with any type 
of gas or oil heated furnace. 

If you are already a Lavite user, there will be 
other applications of Lavite in your shop that will 
save you money and improve your product. Let 
us tell you how others are applying Lavite on 
similar work. 


Made only by 


THE BELLIS HEAT TREATING COMPANY 


BRANFORD CONNECTICUT 
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Special Atmosphere 


Pusher Type Furnace for 


right Annealing Wire 


Cniformly. Economically and Continuously 


Wire from the finest gauges to the heaviest sizes is bright annealed uniformly, economically and continuously in the special 
atmosphere, recuperative, pusher type furnace shown above. 


Coiled wire, as well as wire on small spools and large reels, is successfully handled in this equipment. No water seals or vapor 
of any kind is used, thus staining is entirely eliminated and no drying necessary. The wire is discharged from the furnace 
uniformly annealed, absolutely bright and dry, ready for shipping, further processing or fabricating. This is one of several 
types of electric and fuel-fired furnaces we have developed and built for the wire industry. 


Other recent installations include furnaces for bright and clean annealing brass and copper wire, improved pit type furnaces 
for normalizing rod and bright annealing steel in coils, as well as furnaces for scale-free hardening bolts, springs, etc., billet 
heating, bright annealing tubing, strip, stampings; carburizing, copper brazing and other heating and heat treating processes. 


If you are interested in improving the quality of your anneal or heat treatment, increasing production or are contemplating any changes 


' or additions to your furnace equipment, our engineers will be glad to work with you. We specialize on building production furnaces to 
. fit the customer's specific requirements. 

by 


Gas-fired pits for bright annealing wire Continuous conveyor type, gas-fired fur- Electrically heated pit type furnace for 
and normalizing rod. nace clean annealing wire in coils. annealing special alloy wire 
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must 


Wuere the emphasis 
in production is definitely 
on quality, as it is in plants pro- 
ducing bearing, gear blank and similar 
steels, the ingot molds employed should 


be as short as practical. 


A relatively short mold provides for 
greater homogenity in the interior of the 
ingot and fewer defects on its surface. 
Tool steel producers generally appreciate 
this and have used very short molds to 


great advantage for many years. 


Producers who are trying to make their 
steels as good as possible are urged to try 
a jag of Gathmann square corrugated molds 


of modern design in their practice. 
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Those now employing molds of round corrugated ; 
contour can shorten their ingots 15°7, without loss of 
weight or increase of cross section, thru the substitution 7 
of a Gathmann square corrugated design. The sketch 
shows how much shorter a Gathmann square corru- 
gated mold is than a round corrugated mold of the 


same maximum cross section and volume. 


A Booklet 


which we have just published, ‘‘Gathmann 
Corrugated Ingot Molds—Their Purpose and 
Design,’’ sets forth the advantages of modern 
Gathmann square corrugated contours, and 
how they assure the closest possible approach 
to perfect steel ingots at minimum production 


costs. We shall be pleased to send you a copy. 
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